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THE FUTURE OF MAN IN THE LIGHT 
OF HIS PAST: 


THE VIEW-POINT OF AN ARCHEOLOGIST 


By Dr. A. V. KIDDER 


PORICAL RESEARCH, ¢ 


archeologist is a hard man to get foreed to 
» trenches, by Christmas, or at to take stock 
er season. He finds so much of any, bearing hi 
underground, and he is so com- the present and 
and so quiet in his contempla- When I was; 
the past that he hates to emerge symposium | 
dazzled and confused by the glare my profession 
ry of the present. And as to be scientific. |] 
iture, if he can look forward to a jiked to assemble " 
tinuing supply of ruins to excavate, have topped them ofl 


s supremely indifferent. splendid formulas t!] 


at, of course, 1s just the trouble ters in them But 
archeology. When foreed to jus- properly to 
. ° I ~~ 

nis existence the archeologist of the statistic 


nniy states that one can _ not 


no archeo 
lerstand the present without a com- late Pa 
ension of the past. Granted. But meee Tul 
is peevishly resentful if it be sug- aS ae 
sted that he can not interpret the past \ ch i 

in the light of the present. A 


ntologist, it might be remarked, 


‘e, 
nate paper Wit! 
thing—millennia 
Age one way 


the other. 


had never seen a cow or a dog 
ld be puzzled to reconstruct from 
fragmentary and _  disarticulated 
with which he must work the 
of a primitive mammal. 


of civilization. 
been reading 
—e . it I ought 
so it is very good for a digger to : 

* : so made on 
rought out of the ground, to be . 
: tion—a little spot 
Symposium before the American Society 


' a big spot for a 


Naturalists, Cleveland, Ohio, January 1, 
spots with the ni 
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cerned and drew lines between them to 
mark the peregrinations of civilization. 

But when they were all done I found 
it hard to contemplate them with equa- 
nimity, for while, according to my 
graph, there is a comforting general 
rise in the line of eivilization, its up- 
ward course is interrupted by drops 
proportionate in violence to the speed 
and height of each preceding peak; and 
my spot-map indicated that when once 
a people has lost its position at the top 
of the heap it can not hope for future 
preeminence. In other words, my re- 
searches might seem to show that our 
present order is due for a terrific smash 
and that the next rise will be carried on 
by a race other than ours. 

Of course it is pleasant to feel that 
there will be another rise and that civ- 
ilization itself is not necessarily doomed ; 
and perhaps the people who are going 
to be the next overlords will run the 
world more intelligently than we do. 
Nevertheless it is disquieting to consider 
even the temporary break-up of our cul- 
ture or the passing of our race. What 
ean we do about it? How can we 
smooth the curve, how eliminate the per- 
haps not inevitable drop, how keep our- 
selves in the cultural running? 

What has happened in the past? It 
is of course the business of the archeolo- 
gists and the historians to find out. 
gut they have not done so. At least 
not convincingly. And we do not yet 
know why former civilizations have 
withered, nor do we know why their 
seeds, finding lodgment in new racial 
soil, have almost invariably produced 
stronger cultural offspring. A _ thou- 
sand explanations have been offered. 
The geneticist attributes slumps to bad 
genes and recoveries to happy combina- 
tions of good ones; the nutritionist sees 
things in terms of vitamins; the epi- 
demiologist in terms of disease; the 
sociologist perceives faults or virtues in 
this or that aspect of social organiza- 


tion. <And if all else f; 
always join Ellsworth Hu 
feeling for the climatic puls 

But it is obvious that no 
can reasonably be held 
either for the rise or for 
infinitely complex a thi 
tion. Civilization seems 
sponse to some unknown 
force which impels all animat 
toward better living—in 
toward more pertect adaptati 
physical and social environm 
a half-century of research wi 
honestly be more precise tha 
regard to the fall of civilizati 
in scarcely better case, but wi 
haps so phrase the matter as t 
way for clearer understanding 
lines for renewed attack by sa 
civilizations have fallen becau 
failure of man to develop a sa 
a knowing how to live, proport 
his material achievement. | 
Paleolithic times to the present 
had been able first clearly to f 
and then successfully to solve t! 
economic and physiological p1 
forced upon him by his growing « 
he would not have made the n 
genetic, sanitary, nutritional, p 
military which, singly and in 
combinations, have led to the ret 
sions that have interrupted th« 
ascent of civilization. The huma 
it would seem, has always built t 
ehinery of living faster than 
learned to run it. Which is ! 
another way of saying that it is 
mentally easier to make than 
think. 

And while we are thinking m 
perhaps even thinking more clear! 
we have in the past, we appear to 
lowing exactly the same path 
forebears. We are failing, just 
did, to develop a social sagacit) 
parable to our material advance. 

In many ways it would appear 
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t about 





serious 
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and eco- 


difficulties a 


hundred 


years ago 





second not 
Machine-fos- 


whose minutely 


rs to be inducing a 





ar erisis to-day. 





mass production, 





d jobs destroy all pride of crafts- 





reduce workers to automatons 
the 
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produce states of 





mind which 





istrial psychologists tell us are to 
Modern 
nsportation and communication have 
bringing 





last degree unhealthy. 






tically abolished 
peoples of the world into such close 
tensions 


space, 






are 


are 


taposition that racial 
up and 
ng on whose consequences are, to say 
least, The biological 
sciences together with biochemistry are 
infant 





r set racial mixtures 






preearious. 






rmitting medicine to reduce 
rtality to an unprecedented degree 


nd thus allowing to grow to procreative 






iturity countless thousands of weak- 
ngs who would not otherwise have sur- 
vived. And so one might indefinitely 
on. 
I, and the many more able thinkers 
» have dealt with this subject, have, 
s is the habit of Cassandras, stressed 
its darkest aspects. We are 
rget that in the make-up of 
Frankenstein there is a vast deal that is 
neficent. But nevertheless his I.Q. is 
still lamentably low, and if he turns and 
nds us it will be because his material 











prone to 
our 









strength is not tempered by social judg- 
nt. The physical sciences have built 

a noble and a terrific body, the 
imanistie disciplines have not yet sup- 






1 him with a brain. 
It is thus the failure of 
man, rather than the success of research 










students of 


pass 1 ‘ 
(r1sS Vi S Wit T 
ut riyv 1m} ~ T ¢ 
andle t Ss I 
Ss ‘nt wl ifs 
applications. Ii 
because upon prior findings in } 
chemistry and bi ry t | 
real advances in humanistie understa) 
ing. Our task is therefore to br 
disciplines w rn t S 
largely or in part wv less tar 
aspects of human existence to ] 
with their brethern of t test-tub | 
the breeding-pen 

How ean this be done? I’m not su 


The problem has puzzled much bett 


brains than mine. But I do believe that 
the first and most important step 
clearly to visualize and frankly to fa 
the colossal task which confronts us. I! 
think it is necessary for anthropologists 
and historians and psychologists and 
sociologists to realize that their prob 
lems are as much harder than thos 
biology, as biological problems are thar 
those of physics. Only by grasping the 


fact that the inherent intricacy of their 


subject has made it impossible for them 


to keep pace with the first rush of nin¢ 
teenth and twentieth century scienti 
achievement with its precise and satis 


saved from 


fying findings can they be 


the fatal inferiority complex which has 
really been at the bottom of so much of 
their flabby thinking. Furthermore, it 
is necessary for them fully to compr 


hend the difficulty of their 
are to plan a well-advised attack uy] 
it. 


The attack has two aspects, the mate 
rial and the intellect Or 
material side we must have more mer 
and much greater funds for the support 
of their investigations. In this t 
material sciences have greatly impr 
our prospects, for their achievement 
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have shown so clearly the immense prac- 
tical advantages of research that the 
layman is willing, as never before, to 
provide money for its advancement. 

Granted that it may ultimately be 
possible to apply to the problems of man 
the energies of well paid and adequately 
financed workers, there still remains the 
vastly more important matter of foster- 
ing such intellectual attitudes as will 
permit development of a sound method- 
ology for coping with the intricacies of 
human life. 

In such a statement as this, one is nat- 
urally limited to generalities. One can 
not discuss the interrelation of the vari- 
ous social disciplines. As a matter of 
fact, one of our main troubles is that 
they are not interrelated nearly as 
closely as eventually they must be if we 
are to get forward. We work too much 
in compartments, both in subject matter 
and in our arbitrary divisions of his- 
toric time. Man must be considered in 
all his endlessly complex relationships 
with his fellows and at all periods of his 
existence. To accomplish this it is 
necessary to bring all students of man 
into close intellectual relationship. But 
even if this could be done, the social 
sciences would only be found competent 
to deal with those aspects of human life 
which are in essence extraorganic. 
Man, however, is also an organism and 
his existence is largely conditioned by 
biologic laws. Hence no real progress 
in the understanding of history, in com- 
prehension of the present or in envisage- 
ment of the future can be made without 
knowledge of the action of such laws. 
Some method must therefore be worked 
out for free intercourse between biolo- 
gists and humanists. For the latter it 
is absolutely essential. I also believe 
that it would be of value to biologists, 


particularly to those who give thought 


to the applications of their research to 
human affairs. The findings of biology 
are so concrete and so pleasingly defi- 


nite as regards rats and fruit 
there is a tendency to apply 
stock and barrel, to the interp: 
the infinitely more complex 
with which culture has envir 
kind. This pitfall has as 
avoided by the _ biologists 
They have realized, as Prot 
points out so clearly in ‘‘ Her 
Human Affairs,’’ that extrem 
must always be exercised 
pseudo-scientifie popular w: 
ers in the results of biology re: 
rial from which to fabrieat: 
ridiculous hash: the Nordie 1 
example; certain types of eug 
psychological propaganda; 
which have done serious practi 
and all of which have served 
to retard a proper appreciat 
intelligent public of the aims 
potentialities of those sciences 

Close association is needed 
the several social disciplines 
tween that group and the | 
But the theoretical desirability 
intercourse is naturally never 
bring it about. Every one is t 
tilling his own little patch. 
mon interest in common probler 
induce true intellectual underst 
active cooperation and the 
pooling of ideas. 

How these things can best b 
plished I again do not know. But 
obvious that joint attack upon 
fields by groups of workers repr 
many sciences may be expect 
achieve vastly more significant 1 
than the same number of indi 
studies prosecuted, as is usually 1 


‘case, in widely seattered fields 


herence to this principle has 
Carnegie Institution of Washi 
undertake its survey of Yucatan 
gaged in that project are archeo! 
historians, sociologists; cultural, li 
tie and physical anthropologists, | 
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THE FUTURE OF MAN IN THE LIGHT 
OF HIS PAST: 


THE VIEW-POINT OF A SOCIOLOGIST 


By Professor WILLIAM F. OGBURN 


THE UNIVERSITY OF CHICAGO 


It is not yet given to the sociologist scientist may be expected to « 
to see clearly into the future. And _ side of conservatism, but hard 
when he so ventures he ean not see far. Wells, who wrote in his ‘‘ Antic 
The astronomer looks with accuracy ‘‘I must confess that my ima: 
millions of years into the future, we in spite even of spurring, refus 
think. The paleontologist’s unit is any sort of submarine doing 
large. The biologist’s scale is the gen- but suffocating its crew and f 
eration, but he knows that many thou- at sea.’’ The fact that dev 
sands of generations may pass without have occurred which these n 
appreciable biological change. The could not happen may be tak 
sociologist, however, is usually content encouragement to be bolder. } 
to try to predict a few months ahead _§ gocial scientists have ever so da 
as, for instance, when the business de- did hear. however. of some tl 
pression will end, or who will be our predictions made before 1900 reg 
next President. the development of the ship,’ 

When one looks into the future it is of which materialized. But 
well to recall as a sort of precautionary high a percentage of successes 
measure the scant success that has been may also be taken as an encourag 
met by most of those who have been so _ to proceed. Perhaps my batting 
foolish. For instance, that dean of age will not be so high, and my | 
science, Simon Newcomb, who could tions may be like those of Mr 
predict to the second a future eclipse of who wrote in 1903 that ‘‘second 
the sun, wrote in 1903, ‘‘The example of sidewalks, composed largely of 
the bird does not prove that man can fly. lucent glass, leaving all the pr 

. . There are many problemsthat have  gtreet level to vehicles . . . will 
fascinated mankind since civilization less have made their appearance 
began which we have made little or no than twenty years.’” 
advance in solving. ... May not our Yet there have been some respo! 
mechanicians . . . be ultimately forced forecasts that have come true. F) 
to admit that aerial flight is one of that Bonynge,* for instance, predict: 
great class of problems with which man 1852 the population of the United S' 
ean never hope to cope, and give up all 2 Cited by Mr. Colum 8. GilFillan. 
attempts to grapple with it?’’* Yet just 8 Cited by Mark Sullivan in his ‘Our 1 
two months after Newcomb made this The Turn of the Century,’’ p. 369, as 
remark the Wright Brothers made their 8 im the New York World, May 10, 19 
: nll , 4Francis Bonynge, ‘‘The Future Ws 
first flight at Kittyhawk, N. C. The America,’? 1852, cited by P. K. WI 

1 Cited by Mark Sullivan in his‘‘Our Times: ‘‘The Population of the United States, 
The Turn of the Century,’’ p. 366, from The to 1975,’’ American Journal of So 
Independent, October 22, 1903. p. 254, September, 1928. 
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> DV decade, WItThin 


2 per cent. Prediction in 


vironment which Herbert Spen- 
1 the superorganic, which Tyler 
ilture, and which Wallas called 
With Eolithie man 


have been very small indeed, a 





in the time of Chellean man, 
slowly up to the last of the men 
With Neolithic 


became much bigger and more 


d Stone Age. 


crowing, until in modern times 
s become the great thing we eall 
tion in the largest sense of the 
The sociologist then looking into 
iture of man tries to see what is 
r to happen to the superorganic, 


s new environment peculiar to man. 


liction in sociology rests on two 


ls. One is the simple extension 
trend line. But generally such a 
dure is only approximately reliable 
If the trend is 


sharply bending one, an extension of 


even a short time. 


‘urve beyond a few units of the scale 
quickly take one into absurdities. 
s on this basis the ship in seventy- 
years would be a mile long. The 


mpound interest curve can not ever 


very far in a real world. 

The other method is the projection or 

nsideration of the factors that deter- 
the particular trend under con- 

eration. For instance, the factors 


Tecting the length of ships would be 


iny, among them, length of docks and 
pth of harbor. Again the factors 


making population growth are immigra- 


n rules, growth of income, medical 
gress, diffusion of birth control, ete. 
that by the extension of these factors 
rward in the form of birth rates, death 


‘ates, by age and social groups, and by 
ther means, the curve of population 


iy be projected forward. 
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un S. 

() eury } S 
with indi ! su S 
dozen centuries 18 
tions and s \ s 
curve bending so s ( 
time goes on, 1 ! l 
records t pas 
worse and ¢ r? Ba s ! 
one curving upward 

The pro) S ( s 
then tor ti iture nere sing nul 
ber of inventions i scient dis 
eries. An analysis of some of 
tors making the curve leads t tl San 
conclusions For instance, the numbe 


of inventions and the rapidity of the 


occurrence are functions of the numb 
of elements in existence out of which 1 
ventions and diseoveries are made. At 
generally inventions are 1 wl ! 
placements but additions to t t 


supply of elements. In other words 
ventions and scientifie disc 


accumulative and as the pile aceu 
lates, more and more inventions 
made, since they do 1 ppear to | 
stricted seriously by tl ! : 
human wants. 

So in the future environment ! 
one sees an increasing number or 
tions and discoveries, « ring 
greater rapidity. This of irse mea 
change. It is customary for us to si 
that we are in a period transitior 
plying that we re anging, al 
some confusion no doubt, from a n 
or less stationary } to son it 
condition of quiet and peace. The id 


is that of a slope from one plateau 
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another. But it is thought that this the culture shall have 
plateau toward which we are said to bigger and more complex, | 
Perhaps 


be moving is a fiction, the creation solely problem be met! 

of a hope that looks forward to a haven ing infancy to, say, thirty 

of rest. But there appears to be no rest or even longer? 

ahead for the conservatives, although More probably in the f 

the differences in the significance of the be seen fewer attempts 

inventions seems to mean a somewhat and more attempts to learn 

undulating movement upward in the of what is to belearned. Inot 

growth of material culture. Nations there will be specialists 

rise and fall, and peoples carrying a_ specialist’s language; that 

civilization shift their relative positions language not very intelligibl 

toward priority, but for the world as a_ specialists. It is said that 

whole the total variety of inventions has some specialists, to wit, mat} 

more or less steadily increased. and geneticists, have diffieult: 
Man, the animal, has problems ahead standing the language of 

in adaptation to this new environment fellow specialists. But 


of material culture. Each invention be another language wh 


ich 
means a new problem of adaptation for ists all speak whatever their 
mankind. Women have not yet adapted may be. This language will b 
themselves to the tin can, although one uct of the standardization and 
of their adaptations in part was woman which follows upon the d 
suffrage. Families have a problem in’ means of communication, that 
adapting themselves to contraceptives. the common language of the m 
We are not well adapted to factories. radio, the press, the advertis 
Our death rate is still greater in the vision, ready-made clothes, sta 
newer cities than in the older rural cul- goods, ete. 
tures. So inventions mean social changes The great growth of comn 
and problems of adjustment. The lower through inventions in this field 
animals have a simple natural environ-_ effect of negativing somewhat t! 
ment toward which to make an adapta- mentioned tendencies of cultw 
tion, as was also the case of early man. cumulate because it facilitates su 
sut modern man has a huge cultural en- tion instead of addition. For t! 
vironment to which he must adapt him- as a whole communication is a 
self—a huge culture that is whirling and simplifying process. Invent 
through time, gaining size and velocity _ the field of communication then a1 
as it goes. of the limiting factors that will p: 
It seems to be something of a strain an exponential curve from being « 
on the young infant to accomplish the out in reality as it could be d 
feat of adaptation to this environment, graph paper. 
judging by the numbers of problem chil- The society of the future then v 
dren and the vast extent of mental dis- one of greater and greater change 
orders that follow. A young person as the environment changes the 
used to get pretty well acquainted with of man change. Under these cond 
his culture by the time he was fifteen or morality, as it is generally cone 
sixteen years old, but now infancy and _ will have no place. For the g& 
education are prolonged and we find notion of morality is the following 
students in school until their late twen- set of rules or commandments. 
ties or even later. In the future when commandments can be laid dow! 


_ 
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law 
’ though 
his ideal as 
Persians. 
under a 
have the 
society. 
it becomes very diffi 


that will last and hence that will 


y obeyed. It seems also inevitable 


many rules, 1.¢ 


ide, because of the velocity and 


of culture. Some of these will be 


riments and attempts to make men 
new habits. So then the laws will 
sume less and less of a majestic naturs 
s does not mean of course that there 
not be penalties; but rather that the 
element in them will be less and 
human element more 
The technological progress, which will 
.ivaneing even more rapidly in the 
ture, will of course not be confined to 
ties, but will spread to the countryside. 
rm and factory joined together on the 
land may well be in prospect. 
here the foodstuffs grown yield by- 
ducts, factories for obtaining these 
products may be located near the 
rms, since electric power will be 
idily available. The folkways and 
inner of living among farmers will 
semble more what they are in cities. 
+h is the magic of the newer methods 
communication. Technological prog- 
ss will mean, however, only a slight 


ibstitution of production in the chem- 


replace) 
| 

the 

become 


be large ec 


population 

the eas’ | 

will occasion the 
ters. Man is 


the conditions of 
will give expressio1 
ness. 

It seems also 
society of the f 
what different ore 
the ants and be 
oped social organ 
future a still hig! 
pected. 
tend to be m 
the speed of tri 
ity of communi 
tances Thi 
taken as imply 
physical 
larger 


greatest 
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this 
world 


plants. The ultimate limit of 


+ 


crowth of organization is the 


limit. Even among the smaller organi- 
zations unsuited te such development, 
there will be certain types that will be 
chained into much larger federations. 

It may also be expected that the 
heterogeneity of the future material 
culture will call forth a great variety of 
organizational effort. The simplicity of 
the social organization of pioneer days 
is gone. Organization is a remarkable 
tool for getting things done and the law 
of survival will mean a great organiza- 


tional development, despite some sacri- 
fice of personal liberty and individual- 


ism, characteristics which may have a 
variety of other ways of expression, 
How these developments will 
The ten- 


toward 


however. 
affect the state is not clear. 
dency, however, 
larger organization, despite the setback 
occasioned by the Treaty of Versailles. 
One also thinks that a simple scheme 
like that of democracy will not be so sue- 
cessfully applicable to an actual distri- 
bution of power among the varieties of 


seems to be 


great organizations. 

The growth of material culture does 
not mean that all property will be thus 
collectively organized. On the contrary, 
there is to be expected a muitiplication 
in variety of smaller machines which 
will be personal property and on which 
the single individual will be dependent 
along with the multiplication of large 
machines found in factories on which 
man is so dependent. The pioneer to 
America required remarkably few fab- 
ricated objects, somewhat more, how- 
ever, than the American Indian. But 
now man is dependent upon quite a 
variety : fountain pens, 
mechanical pencils, tooth brushes, eye- 


typewriters, 


glasses, radios, phonographs, refrigerat- 
ing machines, watches, clocks, 
automobiles, golf clubs, books, scales, 
brushes, cigar lighters, cigarette cases, 
“an openers, sunlight machines, etc., ete. 


stoves, 
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It is clear th: 

and more de 

chines and tool 

the future 

tended greatly. 
increasingly difficul 
him not 


must with 


variety of tools, but also a gr 


carry 


zation which will supply him 
ucts from the big machines 

that 
primitive man had only a \ 


animals migrate have 1 
one, but modern man must ta 
tion along with him. 
Technological progress meat 
in the facility of transforming 
the sea and 
that fulfil 
and thou 


work, 


ucts of the soil of 
into 
Thousands 


erals objects 
wishes. 
tools 
quantities because of the p: 

and water. T! 


now do this and 
coal, oil, wind 
coveries in power and new dise 
raw materials that can be tra: 
will bring wealth and abolish p 
Malthus saw the geometric inc 
population, but he never saw t 
metric technology 
wealth or people 
pendent on three things: tne stat 
technology, the supply of natura 
terials to be transformed into us 
jects and the quantity of peopl 
supplied. 

The future population has been 1 
predicted. All are agreed, however 
the rate of increase in Western Eu 
and in America is slowing up. Its 
probable that with the spread of th: 
of contraceptives the Slavie groups 
also slacken in their rate of inc! 
The Orient and the backward p: 
may increase more rapidly for a 


increase in 
poverty of a 


but perhaps there, too, a slowing up | 
be predicted. In fact, a declining | 
lation is altogether a possibility. 
then with a restricted population, a 
idly growing technology and with 
haps a slightly growing base of mat: 













































insformed, we should expect t 
the often quoted prediction « 


poor ye have with you 





use of contraceptives is ex- 
radically, it will mean a revolu- 
r women and children. There 
n been diseussion of how far the 
te will fall. There is no numer- 
nelusion, but the answer is that 
luction of babies, like the pro- 
1 of potatoes, will be governed by 
of supply and demand. If the 
tion of babies falls very low, the 
f the baby will rise, according to 
1 economies. This appreciation of 
lren will show itself in better kin- 
gartens, playgrounds, schools. Apart- 
house owners will be glad to take 
ies with children, but the valuation 
hildren may be so great by that time 
t parents will not let them grow up in 
a hostile environment as a modern 
‘apartment. The domesticated ani- 
| usually has trouble with the breed- 


il 


ng processes and man is no exception. 


With a scarcity of children and the 
lth that comes from technological 
rogress, edueation in its’ higher 


ranches will be much more nearly uni- 


rsal. The spread of higher education 


will be more rapid than the growth of 


ational opportunities utilizing this 
lucational content. The result will be 
t common laborer will be well versed 
1 philosophy, and plumbers will discuss 


ristotle—for they will still be quoting 


\ristotle—as well as members of the 


f 


fessions. 
The seareity of children will mean 
only that they will be appreciated 
re, but that women who bear children 
ill similarly be more highly valued. 
S increased value will command a 
and that price will be more op- 
rtunity. Under the circumstances 
iety will be willing to adjust office 


ind factory to part-time work, if indeed 


the hours of labor in the working day 
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l qgiitere S ~ 


and rear I . 
these differences vy } Sar 
are I peoples , 
primitive groups \ 
divisio1 ibor | 
remaies 1 e I t 1 
divis n ¢ ipor W nt 
But no society has had t 
the function of b ng 
children that the societ 
with its schools, nurseries 
probably have. 

The family organization will 


to lose in the functions it pe 


less some new inventions are madi 


will bring industry back int 
Electric power together with 
tude of electrical machines wi 
to have the potentialities ol 
the home to its f 

it were not for the competition 


Ss 


try outside the home. The 


eosts of home machines will be 


] 


that must be considered, as truly as 


efficiency of factory production « 


which will continue to incre 


seems probable that the declins 
social role of the family will 
and that its chief functions 
affectional and in some instance: 
tional The stability of the fan 
then be as stable as affection 
And experience seems to indi 
affection is somewhat variab] 
even fickle. So separations an 
are expected to increase even ! 
at present, particularly in 
years of married life. But 
will hardly disappear. No |] 
people has ever been found, n 
how low the scale of culture 


not have a well organized fam 


Tit 


the society of the future may 


the family functions a goo 


than is found among primitive 
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W 
‘ 
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m 
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In the future there will also be a 
really great development of recreation. 


Man’s capacity for recreation is enor- 
mous. But this great development will 
be encouraged because of the specializa- 
tion of labor, the decline of superstitious 
mental disor- 


religions, the menace of 


ders and growth of economic surplus. 
It is recognized that there are various 
competing forces as in greed, in the love 
of power and in ambition. But they 


have not been for humanity as general 
a disciplinary foree as hunger. So 
sports and recreations of all kinds are 
expected to flourish and to be the most 
serious hindrance to the spread of edu- 
cation among adults. 

These 
which 
who necessarily sees the future of man 
future of 


then are some of the trends 


probable to a_ sociologist, 


seem 
in terms of the society. 
Spencer conceived of evolution as oc- 
curring on three planes, the inorganic, 
The 


superorganic is the subject of study of 


the organic and the superorganice. 
the sociologist, and he knows something 
about the nature of its growth and de- 
velopment. Somewhat, though not to 
the same degree of thoroughness, as the 
biologist of the 
growth and development of the organic 
realm. The future of the superorganic 
van not be seen with comprelhensiveness. 


knows the processes 
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Only here and there do tl 


of trends seem well mar 


TI 


jection of these trends int 
have been made without ¢ 
logical evolution. 
extent the changes in the s 
are dependent upon tl 
organic. For instance, if | 
be grown in bottles as bi 

as a possibility, this would 1 
out effect upon the famil) 
pointed out above would b 
So also if the injecti n 
balanced proportion of seer 
the ductless glands would 
then end 


preachers and 


a man a Christian, 
would replace 
would be } 


tion of religion 


affected. Or if biologists e 


some way of telling which 1 

defective renes, the effect Vi i Es 
found for all society. But 

seems worth while to take tir 

ing the future of a society 

say, are produced syntheti 

chemical factory, when the | 

is so remote and so improbal 

is, however, always the cont d 
that some biologist may come a . 


upset the predictions of the s 
—but it seems more probable t! 
be an inventor who will do it 








THE FUTURE OF MAN IN THE LIGHT 
OF HIS PAST: 


THE VIEW-POINT OF A GENETICIST 


By Professor E. M. EAST 


SSEY INSTITUTION, HARVA 


Any serious claim to foresee what is_ will perceive at once that 1 3] 
lly going to happen to the human has overlooked 

any future period is undoubt- tant factors in his equation and 

y a pretension unworthy of a scien- has been led to announce 

tist. I say this in order that no one will erroneous conclusions. I am thorou 


1 


the mistake of be 


lieving this sym- in favor of such experiments and | 
sium to be an effort at prophecy, with that this one will be successful 
contributors posing as_ oracles The first point \ h each spe 
Such vision is given only to statesmen has had to determine, I suppos 
to fundamentalists. period with which to dea We must 
Estimates of probable trends based on decide how far int the tutur 
st experience, on the other hand, undertake to extrapolate our 
proved useful in all sorts of indus- And if we select different dates t 
pursuits. It would be possible to not mean that conditions at the 
nd our undertaking, therefore, as distant one will be 
tempt to utilize available data in rately. It depends upon what variables 
tting the course along which man- are chosen for consideration A 
nd is moving, in order to determine, astronomer, dealing with a few precis 
is nearly as may be, what lies a little laws of motion, may calculate eclipses 
further on; for it might then be possible million years ahead with a high degre 
mark out a new course which would of confidence in the aceuracy of his 
id to a more desirable destination. predictions; a _ politician has 


erhaps this sort of thing is what our chance of forecasting tl probal 
rthy president had in mind when de- course of the next election. 1 
vising the program; but I suspect that ologist, therefore, can treat 1 
was subtly planning quite a different future most advantageously. T 
ssembly, in the nature of a clinical thropologist can deal with more distant 
xperiment, with the audience and the epochs. He has one of the attributes 
speakers serving as material. It ought deity—a thousand years in his si¢ht ar 
work in this way. Every statement but as yesterday when it is past. Thi 
it is made should act as a small quan- geneticist stands somewhere in betwee 
of antigen injected into the cerebral Perhaps, for him, the year 2500 
rtices of the members of the society serve as a convenient daté After 
have been kind enough to attend. the 570 years between then and now 
lhe production of antibodies should clude only twenty generations or 
place immediately. In other twenty new distributions of the genes 
vords, each subject will start to think What, then, will be the probable e 
ibout the topic under discussion and dition of the world in the year 2500' 
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Since there is but half an hour at my 
disposal, I shall confine my speculations 
to three points: (1) the population of 
the world and its genetic constitution; 
(2) the genetie philosophy to which 
this population may be expected to sub- 
scribe, and (3) the probable biological 
discoveries which have genetic aspects. 

The population of the world should be 
about 3,500 millions, or twice the census 
figures of to-day. The last doubling 
took about 90 years; the next doubling 
may be expected to take about 500 
years; and from this point on, there 
should be very little increase. This fig- 
ure will seem small to the imaginative 
geniuses who predict that the chemist 
will abolish agriculture during the next 
century by producing all of our food 
constituents synthetically, or by grow- 
ing particularly tender beefsteaks and 
delicately flavored lamb chops in huge 
vats of culture media. I regret being 
commonplace; but, having given consid- 
erable thought to potential sources of 
power and raw materials, to the 
efficiency of laboratory processes, and 
to other possible factors in the move 
toward annulling the operations of the 
Malthusian law, I can develop no 
greater enthusiasm over the romantic 
predictions of this type—as, for exam- 
ple, those of the Earl of Birkenhead’— 
than I can over a fresh announcement 
that Congress is going to investigate a 
new perpetual motion machine. 

The chemist will undoubtedly per- 
form many wonders in the near future. 
He will learn how to make the fibers, the 
drugs, the oils, and the other commodi- 
ties which are to-day obtained from 
animals and plants. He will manufa- 
ture vitamines and hormones. And he 
will be able to produce synthetic carbo- 
hydrates, fats and amino-acids. But 
with the exception of commercially 

2‘*The World in 2030,’’ by the Right Hon- 
orable The Ear! of Birkenhead, P.C., G.C.S.L., 
D.C.L., LL.D., D.Litt. N. Y., Brewer and 
Warren, 1930. 


hydrolyzed cellulose, thes 
ucts will be laboratory 
the chemist will be un 
power and raw material at 
low figure to enable him t 
the private factories run b 
animals and the plants. 

Though the average birt 
world as a whole will prol 
to fall during the next cent 
ter what conditions are co 
difficulty of obtaining powe1 
cost is going to be the deter 
tor in fixing the population 
setting the pattern of futur 
tions. 

The oil age will soon pass, a: 
years the reserves of worth 
will be running low. The i 
man will then be taxed to the 
keep up with the demands for n 
more power. No doubt he wi 
problem after a fashion, thoug 
no good reason to believe that 
solve it in a wholly satisfactory 1 
It does not follow that because 1 
devised means for disposing qu 
Nature’s gifts of fuel, he is 
qualified to invent low-priced 
tutes. The prodigal heir is not 
the perfect business man. The « 
difficulty of the task is apparent 
are not led astray by Birkenhead 
sensical dream of unlocking 
energy. There are just five 
possibilities—water, tides, wind 
light and earth-heat. Ordinary 
power, when completely developed 
furnish less than ten per cent. 
world’s needs. Mankind will | 
fall back on the other four sources 
their utilization will require extra 
narily expensive mechanical equip! 
I have no idea as to which soure: 


1 
+ 


tapped, or how satisfactory th 
will be, but I am convinced 

such method will be decidedly 
costly than digging coal. Haldane 
his trust in wind, though this ma: 
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imple reflex due to reading the Many relatively pure s ns 
Times vel vi S 
ese reasons, it seems likely that Asia, many si! ! resentat 
d will go on without the radical the white race found 
trial revolutions which so many other continents 1 samples 
fondly expect. Agriculture will — black race will be { din Afi 
y continue to be the fundamen- in the main, the inhal 
upation of mankind for thou- will be a _ rather t re] 1S 


s of years, Just as it has been inthe This process has been 


The grave difference between the creasing rapidity during t mmed 
economic situation and that of past, and all signs point to a still higher 
present era will be due to the fact velocity of the reaction in the im 
agricultural efficiency per man- future. 
r is working toward the point In order to visualize this trend 


less than 20 per cent. of the undistorted perspective, we must ta 
d’s inhabitants will be required to into consideration both the soci 
the rest. Industrialization must factors and the artistic factors wl 
ase proportionately, therefore, in have an influence in this direction 
r to give occupations to the men It is especially important to r 
ised from farm work. If this proe- that, though the world is likely to | 
ss can go on as far as it is possible, supporting only 3,500 million peop! 
retically, for it to go, then each per- the year 2500, it will probably have a 
son will be provided with more and _ population of about 3,000 million by tl 
re mechanical servants and will re- year 2100. At this earlier date, we n 


greater and greater quantities of feel assured that all easily colonizal 
iterial comforts. Personally, [1 am in- _ portions of the globe will have becom: 


d to believe that this trend will fairly densely populated. Most of this 
ve reached its peak before 500 years expansion will be due to the efforts 
ive passed, and that then a back-to- the white race in Africa and in Nort 

land movement will be required and South America In these terri 
‘ause industrialization will have _ tories the struggle for survival betweer 
eached a period of diminishing returns. the newcomers and the aboriginal it 
the population shall have approached habitants will soon grow more and mot 
stationary condition before this date, severe. As racial entities, the blacks 
no extraordinary economic dislocations and the Amerinds will then tend to dis 
re to be expected; but if the population appear. Their remnants will be 
should inerease to the limits permitted sorbed into the white race. In Asia 

the earlier economic prosperity, it is changes will occur of like character 


likely that violent disturbances can though not of like degree. Asia already 


avoided. contains some 400 million of the s 
Assuming that the population of the called brown races, which are mixtures 
rth will have mounted to only 3,500 of at least two, and perhaps of all thr 
lions during the next 500 years, and of the primary groups. Since they w 


, 


it this increase will have taken place probably be unable to gain any aer« 
nder a constant trend toward greater which they do not hold to-day, we n 


lustrialization, what will be the situa- not consider them further in this cor 
n from the genetic point of view? nection. But the yellow race will 
As I see it, the world will be popu-  pand to the nort nd the west, if 1 


ited by hybrid mixtures of all kinds. to the south, and in this expansion ther 
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further tendency to unite 


groups having diverse genetic constitu- 


will be a 


tions. 

There are plenty of solid sociological 
impediments to happy interracial unions 
to-day; but really there are only two 
have a biological basis. 
that are 
The members 


arguments that 
There 
vastly inferior to others. 
of the yellow and the white races believe 
that 
a whole. 


may be whole races 


they outrank the black race as 
The more 


among the negroid group feel that they 


advanced tribes 
are immensely superior to the pygmies 
and negritoes. 
upon that Caucasian remnant, the Ainu 
tribe. 
ognize no 


The Japanese look down 


The Caucasians, as a group, rec- 
equality with themselves 
among the poor relations of the Mongo- 
lians that they have met here in the 
Western hemisphere. And there is con- 
siderable evidence to support these be- 


liefs. Second, it is possible that some 
races exhibit a genetic incompatibility 
with each other, which causes dishar- 
mony in the anatomy of the resulting 
progeny. Apart from these matters, 
interracial antagonisms are largely a 
matter of ignorance. Can one doubt 


that when the turn of a button on a per- 
fected stereoscopic television radio ap- 
paratus will, for all practical purposes, 
put one in the physical presence of the 
art, the literature and the social customs 
of any given people, all mere prejudices 
will soon break down? 

As I visualize conditions, then, long 
before the year 2500 the heterozygosity 
of mankind will have increased many- 
fold, with all the possibilities for the 
production of ultra-idiots and infra- 
geniuses that such a mixture of genetic 
differences One may assume 
that this situation will bring about some 
very important 
though what they will be is difficult to 
say. I do not believe that national aspi- 
rations will be weakened, for national 
solidarity is not built upon a basis of 


entails. 


sociological changes, 


racial homogeneity or of lit 
ity, but rather upon tra 
I believe that a world unior 
War 


oreat 


will be promoted. 
continue to be the a 
the human race. But, in or 


full satisfaction from the ra 


devices which will be in con 
this time, it will be necessary 
educated person to be eonvers 
This 


possibi l 


universal language. 
the nth 
pow erful 


power the 
tool 
against each other during the 


which alig 


I speak of propaganda. Im: 


aganda being spread to 
million television radios thr 
language und 


is hard to s 


world in a 
every one. It 
the gain in intellectual libera 
will undoubtedly acerue to « 
better 
become familiar with 
will than offset the 
bigotry which will be induc: 
vast which 


swallow. 


dants through 
world 


more 
number of lies 


You may ask how such matt 
to genetics. Perhaps the com 
not particularly close. Yet 
true that propaganda availabl 
nation, indiscriminately, will 
to break down whatever racial 
is left at this time? To-day 
blood. An accepted Esperant 
together tenfold in 
racial hybridization, will help 


with a 


political alliances which are 
unlikely. 
Extended 
the first part of our 570 years 
pare the way for a second dev 


racial intermixtur 


opp ¥rtyu 


} 


) 


} 


E 
speech is a greater bond than E 


which has the highest genetic int 


the adoption of a eugenie social s: 


through necessity, as a mov 
self-preservation. 
always been 


this str: 


Society has 


Until modern times, 


St 


i 
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inally, had something to do 
lity, though its genetic basis 
1. During the past few cen 
division in the more enlight 


ntries has been econ 


; been genetically unsound. Yet 
arran . — +1 4 — ] 
ese arrangements he feudal 
nd t} eapitalistie arist 
had genetic value in a statis 
S Havelock Ellis has shown 


proportion to their num- 

| great men rose Irom their 
eream and, like cream, they 
rized. 

ns which have had a great deal 

developed 

We need 

nt to India as an exemplification. 


f the 


intermixture have 
treme caste Systems 
a similar disposal « 

in the West Indies, in Mexico, in 

South America. It will the 
day, that an almost 


popu- 


follow, as 

llows the 
rsal policy of racial amalgamation 

et an almost, universal series of 
We hope that 
inded upon genetie principles. If 
hop for the 


tl ey may 


Systems. 


are, there is great 


of the human race. If they are 
the situation is rather hopeless; 


» matter how little average differ- 


in physical and mental worth there 
tween there is immense 


d between the best 


s and the 


races, an 


venetic eonsti- 


I renetie constitu- 


worst 
ns possessed by individuals. 


[ need not deseribe the eugenic 


sophy which society might well 


now, and which it must adopt 


if racial decay is to be prevented. 
laws of selective breeding are suf- 
ntly well known to all who are here. 
I must few the 


ractical application of these laws in a 


say a words about 
oe nically-minded society. 
I do not that will 
apply a eugenie totem system to mar- 


i 


assume society 


rene rriers 
rel a re 
nrer?l 
il 
rsa t 
pl i i 
every ’ 
} 
#3 ' 
rleX1D S 
ye 
’ aiit 
é ? ? ? S 
ye 
‘ i 


easier ild 

And ey 
} + 

su tes 


ness. In vel 

’ 
sclel i ru l 
tion poy 


eertain number of | 
it is not to hav 
The unintellicent por 
hand in other w 
sary for them to be 1 
that unscient hur 


advanced 

I have no d ibt 
posal will sound s 
members of the pres 
if interracial hybri 
wide-spread as I | 
if social sterilization 


tinues as it has 1 


drastic will prevent ra 


This conclusion 
genetic point whicl 


overlo¢ ked by 


writers on the subj 


Genes have no imn 
must be kept in the 


descent. It is quite 
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10,000 genes to produce a man, then as 
long as there are human beings, each in- 
dividual will possess these 10,000 genes. 
But the difference between genius and 
stupidity may be due to 20 plus genes 
in the one case and to 20 homologous 
minus genes, in the other case, and there 
is nothing to guarantee that any or all 
of these plus genes will not be lost. It 
is by no means certain that the England, 
France and Italy of to-day—countries 
of which the United States is a biologi- 
cal part—possess all of the genetic 
potentialities which they had during the 
days of the Renaissance, or that Greece 
ean have another Periclean Age when 
governmental conditions are favorable. 

In this connection, let me cite a state- 
ment from a paper in the current issue 
of Harper’s Magazine. Mr. Harold J. 
Laski, who is expert in many lines, dis- 
cusses ‘‘The Limitations of the Expert’’ 
who is expert in only one line. The 
expert, says Laski, ‘‘too often, also, fails 
to see his results in their proper per- 
spective. Any one who examines the 
conclusions built, for example, upon the 
use of the intelligence tests will see that 
this is the case. For until we know 
exactly how much of the ability to an- 
swer the questions used as their founda- 
tion is related to differentiated home 
environments, how effectively, that is, 
the experiment is really pure, they can 
not tell us anything. Yet the psycholo- 
gists who accept their results have built 
upon them vast and glittering generali- 
zations, as, for instance, about the men- 
tal quality of the Italian immigrant in 
America; as though a little common 
sense would not make us suspect conclu- 
sions indicating mental inferiority in 
the people which produced Dante and 
Petrarch, Vico and Machiavelli. Gen- 
eralizations of this kind are merely 
arrogant; and their failure to see, as 
experts, the a priori dubiety of their 
results, obviously raises grave issues 
about their competence to pronounce 
upon policy.’’ 


This is too much, ever 
fessor ot political science 
sity of London. One wi 
Mr. Laski to have lear: 
about the validity of result 
the intelligence tests. In t 
the work was done in @1 
Americans; in the s 
Laski long ago took the st 
phase of psychol vy 1s 
a realist,’’ in which he d 
to believe. But one mie 
eonclusions to exhibit a litt 
and a little less sentim 
Laski knows perfect! 
chologist has drawn any infer 


VY well 


the mental capacity of 1 
nation from intelligence test 
small groups of Italian 
Such conclusions as have b 
are concerned solely with tl 

tive ratings of the groups list 
this is not the point to which | 
draw attention. The most re 

cited is a third rate historical 
pher of the seventeenth cent 
other three are really great mir 
thirteenth, fourteenth and fift: 
turies, and have a critical ratir 
same order as their birth. Ot! 
might have been cited. Ther 
gainsaying the preeminence 
during the Renaissance. But 

it not oceurred to Mr. Laski 
quite possible that the gene ¢ 
which drew the pattern of civ 
during this period are not now fu 
ing in profuse quantities—ir 
France or England, or, by t! 
token, in the United States? <A: 
gentleman talks of arrogant 
sions! 

Let us now take a few minut 
consider the biological fashions 
time 500 years ahead. Its most s 
lar feature, according to Halda: 
be the production of ectogenic 
In facet, Haldane’s vision of inecul 
artificially fertilized human eg 
nutrient solutions has so _ int 
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ad that he takes ten pees of 
scribble to discuss 1ts pt Ssl- 


} 


This is all very well. There is 


ible expectancy that the thing 
accomplished. It is also a 

expectal it mankind 
ver how to indu partheno 


y if reasons Io! king that 

f these processes will ever be- 
ular. Woman will not relin 

e experience of motherhood just 


ence has made it easy for her; 


n will probably rebel at being 
r but a figure of speech. I have 
espect for biological chemists and 
workers in applied biology, but I 
that they will occupy themselves 
other more practical lines. We 
mention a few samples, for on this 
of future development predictions 

made with some degree of con- 
parasitic dis- 


Ve may assume that 


s will be practically eliminated. It 

mad optimism to feel that those 
tious organisms which must have 
in hosts will be extinguished com- 
y. But 
Ss not 
| from all fear of disease, or that 
total span of individual existence 
be greatly During the 
half-millennium, it is probable that 


progress along this line 


mean that mankind will be 


increased. 


expectancy of life at birth will rise 
sixty-five years or thereabouts; but 
re is no likelihood that the streets 

be eluttered with doddering 
tures of a hundred and fifty sum- 
Ss, as so many people hope. An in- 
average 
1 of human life will be hard 
eh to attain, and will bring to the 


fifteen years in the 


se of 


a sufficient number of difficult 
logical problems; an increase of 


ble this amount would 
And, no 


efficiently parasitism is controlled, 


dislocate 


ty completely. matter 


re will be plenty of troublesome 
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the various hormones. This advance, 
like all the others, will have both its 
advantages and its’ disadvantages. 
Much good will come from it when we 
learn how to supplement nature in a 
sensible way, a way that will bring 
about a fuller, happier life. But one 
foresees trouble ahead, with near- 
Methuselahs of both sexes ranting 
around in quest of a second dispensa- 
tion of youth, until such time as they 
learn that the peace and quiet of a dig- 
nified old age has its favorable aspects. 

Another change that is virtually cer- 
tain to come is the control of reproduc- 
tion in a strictly biological way. One 
may expect to see such methods per- 


fected within the n 


There are several pos 


inclined to think that t 


will be the control of 


this device has any disa 


logical effects, then ways 


for producing spermato; 
] 


izing the male temporar 


One might continue 


almost indefinitely. And 


ing pastime which do 


harm. Moreover, some 
we have outlined are 
place, though we can n 
with any great precisi 
that we ean not return 
they are. 


( 


Sl 
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THE AGE OF THE EARTH—RADIOACTIVITY 
METHODS OF ITS DETERMINATION’ 


By Dr. ALOIS F. KOVARIK 


DEPARTMENT OF PHYSICS, YALE UNIVERSITY 
INTRODUCTION ing. The data involved are the original 
, ‘mperature and the rate of cooling 
Various attempts have been made to ‘*e™perature and the 1 mere 
Kelvin’s handling of the problem left 


ite the age of the earth. We may 


- to the methods used as astronom- 

physical or geological depending 

n the hypotheses and data involved. 
y are all useful scientifically in that 
cain some basis of assurance that the 
rlying hypotheses may have some 
in them if by considering the same 

they give reasonably concordant 
sults. In the problem of the ‘‘age of 
earth’’ it is essential that we have 
ir coneeption of what the term 
means in any particular case, 
rwise apparently discordant results 
lead one to condemn unjustifiably 
the results and the methods, 
reas the chief source of difficulty 
be in the fact that measurements 
made from very different starting 
nts. 

In the astronomical problem the age 
mean the time that elapsed since 
earth separated from the sun and 

is in turn involves the hypothesis that 

» earth did separate from the sun and 
manner in which it may have hap- 

ned. In the physical problem pro- 

sed by Kelvin it the time that 
ipsed since the crust began to solidify 


| this involves the hypothesis of eool- 


is 


At the request of the editor the author pre- 
ed this popular presentation of the radio- 

ity methods. It based on a part of 
work which was the outcome of cooperative 
rk of the subcommittee of the National Re- 

This in 
publication a bulletin entitled 


is 


rch Council. committee has now 
ourse of 
e Age of the Earth’’ and contains parts 
‘titten by the individual members. The com- 
ttee are Ernest W. Brown, Arthur Holmes, 
is F. Kovarik, A. C. Lane, Charles Schu- 


hert, and Adolf Knopf, chairman. 








criticize in the 
learned that 


in practically all 


little 
until 


to 
we radium is f 
] 


materials ol 


crust and that the rays emitted by 
radium produce heat when absorbed 


It was then learned that the earth should 
be hotter 
radium were distributed throughout the 


earth per 


getting instead of eolder uf 


in quantity averaging unit 


mass the amount found as an average in 
the surface materials. Evidently, we 
are confronted with the necessity of 


greater experimental knowledge about 
the temperature, the pressure and the 


constitution of the interior of the earth 
in order to make this method really use- 
ful. In the geol 

is called by them geol 
time that elapsed since the beginning of 
the oldest formation. This age 
is subdivided 
and, it is of great interest to the geolo- 
gist to get the lengths of these subdivi 
sions in years. The more 
than a century have 


’ problem the age 
the 


Ogi1Sts 
ogie time, 2.é., 
known 
into various subdivisions 


ceologists fi - 


followed und 


a5 


principle in estimating this age, namely, 
by studying the extent of the existing 
formations and the rate of production 
(and also destruction) of similar rocks 


as the process is going on to-day. There 
are many difficulties encountered in 
these studies and the probable error is 


quite great ; nevertheless, when all things 
are considered the order of magnitude 


of the age obtained should be correct 


RADIOACTIVITY 


Confining our problem to the limits 


set up by the geologist we may hope to 
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get a reasonable answer to our question the alpha ray or of the beta 
about the age of a geological formation _ stitutes the basie change in 
by studying the radioactive minerals in tution of the nucleus of the ator 
such a formation. We shall see that one when the remaining material | 
of the radioactivity methods presents a energies are rearranged to b 
great probability of success in estimat- librium we have a new atom 
ing the age of the formation by deducing weight and of a new nuclear 
the age of a primary radioactive mineral tion and possessing new chemi 


from the formation. A radioactive ties. This phenomenon of d 
mineral is so called because it contains tion noticed in the ease of thes 
radioactive substances. A radioactive is called the radioactivity of th 
element, e.g., radium, is an element and the branch of science et 
whose atoms disintegrate and change these and related phenomena b 
into atoms of another element and the name of radioactivity. 
disintegration of the atom is accom- The fundamental quantitativ 


panied by emission of a radiation from radioactivity may be stated as f 
the disintegrating atom: either (1) an_ the rate of disintegration depends 
alpha ray which has been proven to be number of atoms and on the natu 
the nucleus of a helium atom or (2) a_ the radioactive element and the r 
beta ray which has been proven to be an’ the number of atoms disintegrati: 
electron and either of these radiations second to the number of atoms 
may be accompanied by a third radia- radioactive element equals a const 
tion, an_ electromagnetic radiation, which constant is different for 
called the gamma ray. The emission of radioactive element and, therefore, ec! 
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s the radioactive element. These 

ts are known for the various 

tive elements. In symbols the 
be given as follows: 


dN 


represents the number of 


lisintegrating per second; N, the 
atoms; A, the characteristic 
ration constant of the particular 
element under consideration 
minus sign indicates that N 
3; in value with time. If N, 1s 
mber of atoms at the beginning 
\ the number after some time t, 
integrating the above expression 

a relation between N and N, 


is the base of the Naperian (or 
logarithms. This relation con- 


e 


the amounts of a radioactive sub- 


at the beginning and at the end 
interval of time. We see, there- 


that the phen ymenon ot disinte- 


n of a radioactive element fur- 

s us, so to speak, a clock by means 
ich time can be measured. We 
ter refer to this matter. 

An atom which has disintegrated 
s behind matter and internal en- 
which, after rearrangement of its 

ts, becomes the new atom. This new 
may likewise be radioactive and 
und by studying all the radioactive 
nts known that they can be ar- 
1 into three series, called 1 

nlum-radium series, the actinium 

‘es and the thorium series. The head 

the uranium-radium series is uranium 

of the actinium series it is actino- 
ranium, and of the thorium series it is 
rium. Every radioactive atom within 
one of these three series is formed 

m the atom preceding it in the series 
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and it follows, therefore, that wl 


atom of the head of a series disints 


there will be formed in due tim 
atom « vel ne ¢ radioactiv 
ments ( that Se s l ] n 
one atom will be formed of tl pr 
into which the last radioactive n 
— 

oi the series disintegrates In 
uranlun radi im s§& Ss r 
active element I tl Ss S18 } l 
and its atoms di Q 
a I n-raqdal i \ ( l ( 
G Th l 1! té \ 
ment r the I rium s§ Ss Ss 
1 ‘ lum D nau I i I » 
actil 1m D L] I ! l CLL\ 
products of the t St S are ; 
topes of ordinary lead 

IsoTOPY AND ATOMIC S1 tI 

It seems expedient to digress 
more at this time and 1! ik ( r 
meaning of isotopes, inasmuch as 
“ai ‘ hest r 


method to be deseribed as the | 


activity method for the determinat 


the age of a radioactive mineral d 
mands a knowledge of the isotop 
lead. Mendeléetf arranged the know: 
chemical elen Ss 1 pel i Ss n 
according to t che proper 
the elements S ( 
lor ea p é p yr 1 1) 
lor whieh eile! Ss had not |! ( 
( \ ed \W\ B | 
Ul aqaiscovery I 
element whos : 
tion form atoms of 1 
noun t mporta. 
and 0 
che! L | | s 1 
! pal t 
any known chen é niun 
and thorium, once 1 ind 
be chemically insey 

This work of Boltwood indicating t 
elements in the same place in M 
deléeff’s table formed the basis of mui 
further investigation by chemists a1 
physicists bringing forth other discover- 
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ies of a similar character and ultimately 
leading to the establishment of the new 
branch of science, called Isotopy, which 
is so important in to-day’s physical and 
chemical researches. The word isotope 
was coined by Soddy, who contributed 
much to the subject, and is derived from 
two Greek words tsos and topos, mean- 
ing same place, and designates elements 
which have the same chemical properties 
and occupy the same place in the peri- 
odie table. 

The researches in other fields, particu- 
larly in the study of the Réntgen rays 
and the scattering of alpha rays by the 
atoms of various elements, have brought 
forth very important results bearing on 
the structure of the atom and on the 
position of the elements in the periodic 
table. We can not go into these re- 
searches here but a few of the conclu- 
sions from them should be noted in order 
to understand the diagrams given for 
the radioactive elements. 


The first general conelusion 
the general structure of any 
is due to Rutherford and to Bohr 
atom has a central portion ¢ 
nucleus which possesses nearly t! 
mass of the atom, which is ver 
compared to the size of the a 
which is electrically charged posit 
Outside the nucleus are the n 
electrons, aS many in number 
necessary to equal the positiv: 
of the nucleus to make the atom 
moving in some kind of orbits : 
loeated in definite ‘‘energy levels.’ 
an electron has left its particular « 
level, for any reason whatever, and 
other electron from outside the at 
from some energy level outside 
one in which there is a ‘‘ vacancy, 
during this transition of the s 
electron, and due to it, a radiati 
visible or invisible light is emitt: 
the atom and its wave-length is a 
nite one and depends on the amount 








ranium atom. 
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inge of the energy levels This 

s the basis for the modern theoret- 
‘troscopy. The electrons in the 
the atom outside the nucleus are 
sponsible for the **valency’”’ of 
ments in chemieal combinations. 
r the work of Moseley on charac- 
x-rays of various elements and 
Chadwick on the seattering of 
particles by atoms of copper, 
and platinum showed a connec- 
between the charge of the nucleus 
the position of the element in the 
If we take the electron 
sitive or negative) as the unit of 


lie table. 


re of electricity, then this relation 
at the number of the electron units 
charge of the nucleus is the number 
position of the element in the 

die table, z.e., if e represents the 
ree of electricity, properly ealled the 
tron, le, 2e, 3e, - 29e, -——— 92e 
he respective charges of the nuclei 
hydrogen, helium, lithium, cop- 
uranium and the numbers 1, 

) 29, —-—%2 represent the positions 
these elements in the periodic table in 
+h they are arranged according to 
ir chemical properties, beginning 
the lightest, the 

1 proceeding to the heaviest, the 
The numbers, 1 to 92, 
ealled the atomic numbers. Inci- 


hydrogen atom 


tally, these numbers also give us the 
imber of (negative) electrons in the 
rt of the atom which is outside the 
eus. 
The second important fact which we 
ist note is the Displacement Law and 
s concerns the positions of the radio- 
tive elements in the periodic table. 

law is due to Soddy and to Fajans. 
was obtained by studying the chem- 

properties of radioactive elements 


id placing the elements in the periodic 


] 


table. It was then found that after the 
lisintegration the new atom which was 


rmed occupied a place in the periodic 


table whose atomic number was smaller 
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by two or larger by one than that 


disintegrating radioactive atom, de} 


ing upon the fact whether an aipha ! 
or a beta ray was emitted On 
present knowledge of the atomic struc- 


ture, this is comprehended when we bear 


in mind that if the alpha ray leaves a 


nucleus, the positive charge of nu 
cleus 1s made smaller by plus 2, namely 
the double positive charge of an alpha 


particle, and if the beta ray (elect 


? 1 ] ‘ 
leaves the nucleus, the positive charg 
of the nucleus is made smaller by minus 


1, namely the negative single chargé 
an electron, t.e., it becomes mor 
tively charged by one unit. Hene 
atomic number in the former ¢ase is t 
less than that of the disintegrating ato. 


and in the latter case it is one mort 


Since the atomic number is also 
number of the element in the tabl 
explains the position of the new rad 
active element formed after disint 
eration. 

The atomic weight of the new atom is 
less by the loss by radia ion and this 1s 
approximately 4 units less when 


alpha ray is emitted and 1s negligibl) 


less (electron’s mass being small) whe 
a beta ray is emitted These consider 
tions will help in understanding 1 


charts giving the atomic numbers 
atomic weights which are given onl 
whole numbers. 

It will be noticed that the end 
ucts—the non-radioactive « 
the three series, radium G, actinium D 


and thorium D, respective! 


atomie number 82 which is 
atomic number of o1 ir 
are the isotopes of ordinar id. T 
atomie weights are, respectively, ZO! 
207 and 208, while that of the ordinar 
lead is 207.2. 

It is to be noted, therefore, that 


chemical processes whic! 
nary lead from the mineral will simu 
taneously Ss parate all tl ese 1SotT pes 


present, with the ordinary lead and the 
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de gy 


trons becomes a helium atom. It 
dent that if 
alpha ray emitting 


d, 4 7  &6 & § 
Atomic Number 


lead so obtained will be a ‘‘mixture’’ of 
all of them with an atomic weight de- 


4 





we know the amount 


elements 


pending on the amounts and the atomic 
weights of the various constituents. 


RADIOACTIVE METHODS OF CAL- 
CULATING THE AGE 
The Helium Method: There are three 
proposed radioactive methods of deter- 


and also their disintegration ce 
and the total amount of helium 
ealeulate the 

took to accumulate this amo 
helium. However, belium being 
there is a great probability of 


mineral, we can 


and the caleulated tim 
therefore, represent only a ‘‘minim 
age of the mineral. It may be of 1 
to that the Berlin ph: 
chemist, Paneth, recently applied 
method in studying meteorites. Th 
he deduced for these extraterrest 
visitors to our earth is of the ord 
2 to 3 billion years. 

Pleochroic Halo Method: An 
radioactivity method is based on 
coloration of pleochroie halos found, ! 
example, in biotite and fluorspar. It 
due to Joly and Rutherford. It 


mining the age. The oldest is referred leakage, 
to as the helium method. It was first 
proposed by Sir Ernest Rutherford, in 
1904, in an address before the Interna- 
tional Congress of Arts and Sciences in 
St. Louis. Helium is found in every 
radioactive mineral, in fact terrestrial 
helium was discovered in such a mineral. 
It is the result of the accumulation of 
alpha particles emitted by the various 
alpha ray emitting radioactive elements 
present in the mineral, and each of these 
alpha particles is the nucleus of a helium 
atom and on capturing a couple of elec- 


est note 
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shown that in general the radii of 
os correspond to the ranges of the 

, particles from the radioactive sub- 
; imprisoned with the central in- 

n, which is generally zircon. The 
ion is an effect of ionization by 
If we irradiate the 


pha particles. 
material which contains the halos, 
‘a, with alpha particles from a 
strong source and allow this to 
eolor is 


d in the mica as is found in 


until the same shade of 


the 
then the product of the number of 
1 particles incident and the time 
rradiation will equal the product of 
much smaller number of alpha par- 
s emitted from the inclusion in the 
and the geological (long) time to 
The geological time can 
the 
in 


rm the halo. 
obtained if 
strength of the 
» halo, provided, also, no other agent 


estimate 
element 


we can 


radioactive 


ers the coloration during the geolog- 
The fact is that it has been 
experiments that both heat 


time. 


ind prolonged ionization can alter the 
‘*bleaching.’’ 
amount of radio- 


producing 
‘thermore, the 
tive material in the inclusion can not 

accurately determined. 
ently, the method is not accurate nor 


lor—even 


Conse- 


pendable for age determinations. 

Boltwood’s Lead Content Method: 
e third method is one which offers the 
atest promise of success. It is due 
Boltwood dise yvered, in 


Boltwood.? 
1907, the 
he parent of radium, in his attempts to 
ind proof of the disintegration theory 
Rutherford and Soddy (advanced in 
1903 He also gave attention to the 
ultimate disintegration products of the 
and observed 
uranium 
to the 


radioactive element ionium, 


uranium-radium series 
it all minerals containing 


also contained lead, and came 


2 Bertram Borden Boltwood (1870-1927), pro- 
fessor of radio-chemistry, Yale University. 
memoir in American Journal of Science, 1928, 
t forthcoming memoir of the National Acad- 
my of Sciences. 


See 
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conclusion that lead was the final disin- 
tegration product of uranium. This 
was the first time that the idea was 
advanced that the final disintegration 
product of the uranium-radium series is 
lead. He found, | ver, that the 
amount of lead per im in 
the mineral varied minerals 
He arranged t l rals cording to 
t] lead-to-uranium \ 1 drew 
attention ft ta ing 
value of the 1 » correspol 
increasing a: of tl c I i 
tion in which the 1 ral was id 
lo g this Lore expressil i rs 
he assumed all of the lead to be t 
result of the disintegr n of uraniu 
Knowing the rate ( l oTa I l 
known amount of uranium, the rate « 
formation of the lead | mes know1 
and the age ean be obtained 

In order to understand the process of 
reasoning that Boltwood followed nd 


this is necessary if we : 


the complete method 


us assume a primary mineral containing 
originally only uranium as a radioactive 


Let it be understood that 


substance. 


no alteration of the mineral has taken 
place, except such alteration as is du 
to radioactive changes 7 ( ! l 
analysis of such a mineral v us 
the present amount of uranium 

and also the amount of lead per ven 
amount of the mineral 

pressed per 100 ’ 3 mi? 
Knowing the present amou i 
nium and the disintegration ¢o1 nt of 
uranium we could eal ite the original 
amount of uranium if we ki t ! 
elapsed, 1.¢., the ( n il , 
we can express the number of uranium 
atoms which disintegrated during that 
time in terms of the time by using the 
equations given abov Now, every 
atom of uranium which disintegrates 
becomes ultimately an atom of the end 


If this end prod- 
as Boltwor d Ssup- 


product, radium G. 


uct is the lead found 
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posed—we can tell from its amount the 
number of its atoms and this number 
must be equal to the number of uranium 
atoms which disintegrated. Hence we 
ean put the number of atoms of lead 
equal to the expression giving us the 
number of uranium atoms disintegrated 

an expression involving the known 
amount of uranium found, the known 
disintegration constant and the wun- 
known time during which the disinte- 
gration took place. This equation can 
be solved for the time. This is correct 
and would be sufficient were it not for 
the fact that every radioactive mineral 
contains radioactive elements of all the 
three series, and may have contained 
originally (and therefore also at the 
time of the analysis) ordinary lead for 
the same reason that it contained ura- 
nium. That end products of the three 
series are isotopes of lead was shown by 
Richards, Honigschmid and other noted 
chemists. 

COMPLETE SOLUTION 


It is, therefore, evident that Bolt- 
wood’s simple calculations of the age of 
the mineral must be modified to take 
into account the above-mentioned facts. 
The importance of taking thorium and 
its end product into consideration was 
soon realized because a vast number of 
uranium-bearing minerals contain also 
an important amount of thorium. Re- 
garding actinium we knew too little of 
its real origin until about a year ago, 
but it now seems certain that the 
actinium series originates in an isotope 
of uranium, called actino-uranium, and 
that its end product is of an atomic 
weight 207, whereas radium G is 206, 
thorium D, 208, and ordinary lead, 
207.2. Most of the caleulations made, 


heretofore, ignored the presence of ordi- 
nary lead and disregarded actinium D, 
with the result that some confusion has 
been brought about. It is certain that 
the pitchblende from Jachymov (Joach- 
imsthal, Czechoslovakia)—the mineral 


in which 


beea use 


0 


Madame Curie 
radium—may contain 


rdinary lead 


or? 


OCf 


lin ar 


‘urs 


same veins from which the pit 


is obtained. If this is 


ticular 


pitchblende, wi! 


tru 


‘ 
i\ 


a 


CT} 


assume that it may not be tru 
pitchblendes, except as to the an 


the ordinary lead? 
‘rard to actinium D 


With 


re 


supposed 


-adium 


G 


to be only 


») 
vo 


since actinium 


pe r 


to 


ratio in some minerals, aceurat: 


mined, show this ratio and actini 


supposed 


to branch of! 


i¥ t 


he 


and, therefore, actinium D and ra 


would be formed at these r« 
Since the recent evidence points 


origin of the actinium 


ser 


lati 


les 


independent isotope of uranium, 


uranium, 
more rapid than that of uraniun 
evident that the amount of actin 
compared with the amount of r 


G, may be much greater than ‘ 


whose disintegration is 


Y , 


and will be greater the older t! 
eral. For these reasons the formu 


of the basic equations which will 
the time, 
must take regard of the possibl 
ence of ordinary lead 
actinium D. 

The basis for the formulation 
necessary equations is given in 
by stating the following three 
mental facts :° 


I. The sum of 


t.e., the age « 


G (atomic weight, 206 


(atomic 


weight, 207 


yf 


as 


the n 


we 


the masses of ri 


actiniul 
thori i! 


(atomie weight, 208) and ordinary 


(atomie weight, 207.20 
of lead of atomic weight, A, fou 
the mineral. 

II. The sum of the number of 
of radium G, actinium 
and ordinary lead equals the num! 


eq 


D, 


ials the 1 


thoriul 


3A. F. Kovarik, ‘‘ Basis for the Cale 
of the Age of Radioactive Minerals,’’ A? 


Sei. [5] 


20: 


81-100 (1930). 
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lead of atomic weight, A, 
in the mineral. 
[The number of atoms of the 
substance, disintegrating in each 
above cases, results ultimately in 
number of atoms of the end 
which is an isotope of lead. 
three statements can be put 
form of algebraical equations. 
ird statement will give the num- 
atoms (or mass, if desired) of the 
duct in terms of the number of 
ms r mass) of the parent sub- 
found in the analysis and in 
s of the time. It is in the equa- 
s derived from this statement that 
’? enters into all of our equations 
nto the final formula. It is here 
e ‘‘radioactivity clock’’ measures 
ne during which the observed 
nges of uranium atoms into radium 
ms, of actino-uranium atoms into 
im D atoms and of thorium atoms 
thorium D atoms take place, and 
se changes are put into a quantita- 
rm by the first two statements. 
uranium, 
rium and actino-uranium. The first 
ean be readily determined by the 


mical analysis of the mineral; the 


parent substances are 


uranium, being an isotope of 
nlum, presents difficulties of direct 
rmination but ean be determined 
lirectly by measuring the ratio of the 
int of actinium (which would be in 
equilibrium with the 
to that of uranium. 


radioactive 
no-uranium 
Consequently, when a proper primary 
eral is chemically analyzed and for 
own amount of the mineral the 
uunts of uranium, thorium and lead 
determined and in addition the 
mie weight of the lead and the ratio 
the actinium to uranium are also 
letermined, then with the further 
nowledge of the atomic weights and 
constants of the 
equations 


the disintegration 


radioactive elements, our 
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the amount of actinium D is not nearly 
so large as radium G, the error so intro- 
duced is not large. The equations set 
up for this ease will involve only such 
data as we possess at the present time. 
The formulae can be put into practical 
form for numerical solutions. Applied 
to the two oldest minerals, namely, a 
uraninite from Keystone, South Dakota, 
and to a uraninite from Sinyaya Pala, 
Carelia, U.S. S. R., we obtained, respec- 
tively, 1,465 million years and 1,852 
million years for the ages of these two 
minerals. Various uranium-bearing 


minerals from Norway 
ranging from 825 to 986 mil 
It may be needless to add that 
have a complete set of data 
tions derived from the above t 
ments of facts furnish tl 
solution of the problem of th 
mineral. The 1,852 million 


resent a minimum measure of 


the earth. The ages of th 
erals are, of course, in no ¢ 
this value because they repr 
ages of respective formations 
geologically younger. 









WHAT IS NEW IN MATHEMATICS?’ 


By Professor EDWARD V. HUNTINGTON 
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mathemat- 





ask ‘* What is new in 












may seem to many of you like a_ matical courses 
sh question. How can there be versity would t 
ing new in mathematics? How of continuous 

n two plus two be anything else than even all these cours: 






How can there be any new an introduction 
he- mathematical kn 







res in so old a subject as math 





yne sense mathematics does 








change. Whatever is once estab- into tens of thousa 
shed as a mathematical truth is true pursuing the newest dev me! 
ralltime. The Pythagorean theorem advanced mathematics, and scores 
it the square on the hypotenuse of a mathematical journals re d 
triangle is just as true to-day as_ themselves exclusively to the pul 
was in the days of Pythagoras, twenty- tion of these new discover 





] } y + » | y 


eenturies ago, and it will remain A few decades ago. e high v 






lally true twenty-five centuries hence. mark of a university course in mat! 





Ouce true, always true, in mathematics; matics was the differen 
a few exceptional s 


| in that sense, mathematics does not calculus, and only ; 
dents ever dared to rise to such di: 







nee 






But in another sense mathematics is heights. To-day 





inging enormously and with astonish- the starting point in college mat 
ng rapidity. New mathematical truths matics. In Harvard University : 
] 


} 
+ Tetth 


discovered every year. The old over 500 students elect a course in ealeu 






truths are not discarded, but whole new lus every year—most « 




















branches of mathematics are constantly freshman year In the count 
ing developed. Mathematics is no large there are probably half a n 
nger a single science, but rather a people who have studied the « 
creat collection of sciences, so vast inex- and half a million mor ) appr 
nt that no one man can hope *o master how valuable a know! 
more than a small fraction of the field. lus would be to them if they had 
The growth has been so rapid that even What a change this is ove! 
pert mathematicians working in dif- ago! Mathematics is 1 
rent branches may be entirely ig- garded as hopelessly difficult; and 
norant of other mathematicians’ results. dents who specialize in mathemat 
No science is expanding more rapidly in even in its | r bra el 





Y 


» modern world than the old, old sei- longer regarde 
‘e of mathematics. What is tl 
When the present president of Har- large and increasing nu r of p 









vard University was a student in college have discovered t hout 
‘ould take, and did take, every course mathematies; first, that it is usef 
was offered in mathematics, on top second, that it is beautiful. When 
{ all the regular courses required for a branch of study is found to be us 
and beautiful, it ind to b 





\ radio talk presented ctnder the auspices 
rhe National Research Council. popular. 
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First, mathematics is useful. 

Of course as far as the elementary 
branches are concerned, the usefulness 
of mathematics has long been admitted. 
Every one who makes out an income-tax 
return recognizes the necessity for a 
Also ele- 


and trigonometry 


little knowledge of arithmetie. 
mentary geometry 
have long been recognized as useful tools 
for the designer, the surveyor and the 
navigator. 

But in regard to the higher branches 
of mathematics, it is only in compara- 
tively recent times that their usefulness 
has been appreciated. 

The extraordinary development of en- 
the 
ealled for a wide-spread use not. only of 


gineering in present century has 
the caleulus, but aiso of higher branches, 
such as the theory of functions of a com- 
plex variable, the theory of differential 
the extremely modern 
theory of integral equations, all of which 
had been originally developed without 
the slightest idea of their use in tech- 


nology. 


equations, and 


The famous electrical engineer, Charles 
P. Steinmetz, was twenty years ahead 
of his time in urging the need for more 
and higher mathematies in engineering; 
to-day, the growing importance of higher 
for 
engineering is 


mathematical training researchers 


and designers in con- 
stantly emphasized by the leaders of 
the great industrial corporations. Pick 
up any recent the Transac- 
tions of the American Institute of Elee- 
trical Engineers, for example, and note 
the great mass of mathematical symbols 
that appear on almost every 
Mathematics pays, in dollars and cents. 


volume of 


page. 


In modern physics, there is so much 
mathematies of a very advanced char- 
acter that it is hard to draw the line be- 
tween what is physics and what is math- 
ematics. For example, the Einstein 
theory of relativity is essentially a com- 
bination of non-Euclidean geometry and 
tensor analysis, both of which are 
branches of pure mathematics. 
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Without the results of 
physies, which 
our 
munication signals would be 
You all know how the first | 


mat 
is mostly mat 


present-day, long-dista: 


failure 


submarine cable was a 
of faulty design, and how L, 
improved the design and mat 
a success. He was able to p: 
success of his design on 1 
purely mathematical 
These 
mathematical that the engin: 


time could searcely believe 


computations were 


until they actually saw it 
Again, in the field of lor 

telephony, mathematics has | 

hav 


wor 


to inventions which 


creased the distance the voie 
carried over a wire of given si: 
were not for mathematies, you 
send a long-distance telephor 
to-day. And as everybody k: 
development of the radio itself, t 
you are now listening, has be 
dependent on mathematical-ph) 
searches of the most advanced 
recent text-book on radio makes 
nificant remark that the more ¢ 
student think 
greater are the possibilities al 
him, in the science of radio. 
Moreover, chemistry, biology, 
and 
and 


progress in 


ean mathemati 


coming 
the 1 
under ! 


economics are 
more to realize that 
these fields, 
conditions, is directly proporti 
the mathematics t] 
use. <A brilliant 
whom this and other countries d 
to honor, told me the other day 

is quite impossible for any one to 
up with recent developments in p 
without a much 
knowledge of higher mathematics 
it was possible to obtain when he \ 


even 


amount of 


very medical 


ogy more extel 


college. 

Even in the world of business 
finance, the most recent mathema 
theories on the analysis of statist 
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ent advances 


t\ STOCK-Mmarke rorecas 


theory 






thematiclan otf the future, 1n 


solving silly puzzles about **how 

s Ann may be using higher mathe 

equations to gure out the next 
the market! 

first reason, then, for the changed 


toward higher mathematics Is 






its WSeTULNeSS 


rmous extension ol 


tical human affairs 


for the new 


popu 


of mathematics Is more vital 


St cond reason 


and 
not 


powerful. Mathematics is 


iseful; it is also extremely beaut 


beauty of a mathematical re 


The 
s the fundamental motive for its 
suit. Every creative mathematiciat 


Sst ntially a creative artist The most 


rtant and fertile discoveries in t 


field of 


by men 


mathematics have 


who were evuided by es 


insight into 
appar 


tly diverse phenomena led them to re 


tie motives—men whose 


S ispected relations between 
an ugly and unsatisfactory chaos 

i beautiful and illuminating order 

the math 


eS its power To reduce the complex 


That is ereat secret ot 


the simple. Every branch of higher 
mathematics enables us to survey, as one 
simple whole, a vast number of seem 
ngly complicated and unrelated facts 
Mathematical notation appears compli 
ited only because it is really so simple 
\ single symbol expresses the end re 
sult of a long series of processes. The 
g that for the 
mind to grasp as a whole is the series of 
the thing that 

erstand and manipulate is the single 
symbol. 


or example, 


ne 


is too complicated 


is simple to 


CeSS@S : 


the Arabie numerals, 
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thought rie 

Is the impellu 
mat hie S 

I) I ( hieac Wor s | ’ 
vhiel ePXHID stl 
Vav a centu 
ences, tl 
matics Will occupy 1 ntl NOs 
It is hoped that ry 
position the gen pu to som 
whom I am now s| ! 
vivid picture of the b { . 
the utility, of the stupendous 1 
coveries In higher mathematics N 
every One Cali ) ! l 1 
matician, Just as } ! n be a 
technical musiciat ) ! ol cal 
and should have son ppreclation 
the value of the mathe I if method 
thinking, just as every one can and 
should have an appreciation « 
music¢/ The mathematical method 
thinking is the only logical method 
these days of newspaper headlines ! 
frantic propaganda the habit « disi 
terested, logical thinking is a vita 
necessity to all of us What is new ! 
mathematics is ft] ! ad growing 
appreciation of the fact that the stu 






of mathematies in its etern; 






its ever-expanding scope is the best pos 


sible stimulus to this 





lomical thinking 


interested, 





PLANT HUNTING IN MADAGASCAR 


By Dr. CHARLES F. SWINGLE 


Pa 


The desert, silent and uncompromis 


Natives and 


ne, lay ahead of wus 


whites thereabouts tersely called it ‘‘the 


brush.’’ This was not a waste of drift 
ing sand, but a tangled expanse of al 
most impenetrable desert growth. Many 
of the plants were queer and distorted, 
defiant of Nature’s parsimonies, and 
resistant to them Substantial bottle 
trees 10 feet thick, Euphorbias 40 feet 
tall, gigantic didiereas with their lone 
leafless branches growine into — the 
wind, wonderful aloes, kalanchoes and 
other flowering shrubs growing where 
droughts may last half a dozen years, 
but seemed to emphasize the uniqueness 
of this region. To the two botanists who 
paused here on the verge of this 
‘promised land’’ the very grotesqueness 
of the plants suggested sinister allure 
ment 

Mueh of southwestern Madagascar 
had never before been visited by plant 
collectors. It was my good fortune to 
be the first American botanist to visit 
any part of the island It was rare 
adventure to be half a world away from 
home, on the trail of living plants. 
Especially did I hope to find Euphorbia 
intisy, an almost extinet rubber plant 
Botanists best acquainted with the 
island feared it was gone. Even my 
companion, Dr. Humbert, of the Umi 
versity of Algiers, a veteran of two 
previous expeditions to Madagascar, was 
very dubious as to its survival. But so 
unique was this species, and of such 
promise to our arid Southwest, I could 
not easily relinquish hope of discovering 


at least a few specimens while our ex 


pedition was collecting plants in the 


1 With photographs by the author and Pro 


fessor Henri Humbert 


OF 


region where intisv had 


so abundant 
| knew that nine 


rubber produced in th 


Te 


nthis 
I 


\\ 
Wo? 


derived from a few seeds s] 


Brazil some oO Vears 


few specimens of inti 


car might mean a re; 


American agriculture 


s\ 


| 
i 


It had been an arduous t1 


the rity of thre desert 


1) 
i 


{ 
hie 


of the island Mur southwat 


through the interior 


comparable in actual 


a 


} 


Mad 


" 
ilies 


from Boston by a roundabout 


Savannah, Georgia | 
an unforgetable boat 
boka River 


rickshaws at the doe] 


t 


ad bes 


ride up 


\ 


the northwest coast. that 


We had Stepped 


n M 
July 


to see a hustling gesturing cro 


to embark with us 

river trip departed 
glimpse of the Lazzari 
more than 35 feet lon 


men and women of a 


(dur zest 


} 


\ 


vith 


a tra 


At 


-olors 


were ready to accompany us 


miniature wood-burning 


Steal 


treacherous inland river! Wi 


“: 


} 


Malagash ecrew—a pilot, a re) 


cook-waiter-barman., 


From the suspiciously 


and 


eht colo 


? 


latter, and from his swagger an 


one could not but surmise that 


captain’s veins was flowing the b 


old American sailors 


slavers, or the later and 
whalers who came from New Ene 


this far-away coast 


Getting aboard the 


Li 


either 


more } 


’ a 


] 
t 


mri 


serious affair. Hoisted to the ir 


from the shoulders of 


native 


wl 
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Lh 





AFRICA 








back, | 


ed attention to m\ arrival by sprawl 
the muddy floor Not only 


d out bearing me on his 


ipon 
did American dignity lie 
sured on the slippery rat CK, but t| rer 


its lengt! 


es. before | could lurch to a can 


r to regain ms breath and pose 
\t first the discomfort of being 
ped and crowded was som what 


fied by my interest In the new 
ntry The brick-red waters of the 
ly with the 
lined 


tsiboka contrasted strange 


erreen oft the mangrove wl ic] 
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POPE OF can £2 


NOT SUCH A LITTLE ISLAND AFTER ALL 


ancient Egyptians in their hieroglyphics apples, coconuts, sugar cane, 
darted here and there. nanas for sale In the confus 
Just before dusk our boat drew along- port police were accidentally 
side the shore, and although there was overboard into the sea! Nothing 
no indication of a village there, thirty than heated words ensued, whic} 
additional passengers appeared from end gave way to hearty peals of lau 
somewhere and squeezed aboard. Up to Where else, but in nonchalant Mad 


this time the boat was overcrowded; car. could the dignity of the law 


after this it was almost unendurable. been spilled into the brine, wv 
Certain it is, in no other country of vengeful consequences ? 
which I know, would such jamming have Bedtime preparations on th 
been accepted so good naturedly. It were simple. From the depths 
was only the extreme affability of the boat was dug up a dirty mattress 
Malagash which made this really dan- dining table was covered with it. a 
gerous doubling of our human cargo spread, and the most disting 
possible. member of the passenger list 
Karly in my observation of the na- portant colonial official—escorted 
tives I had been impressed by their Dr. Humbert accepted similar accor 


easygoing, carefree ways. At a stop on dations on one of the two benches 
the Comoro Islands, since our’ I declined the other bench as graci 
boat was unable to approach the shore as possible thinking a night on my « 
closely the town had taken to boats and chair preferable. Almost immedi 
come out to greet us, jabbering of pine- however, I heard the buzz of mosqui! 


one of 
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led for prompt work 
d to neglect their warning. for 


this re~ion that thousands of 


soldiers had died of malaria 
the rene] conquest ol the 


hout 30 vears before On ot 





id bragved 


kines hi 





a commander, Gr 





who could never b 





is been. so I mad 


he never h;: 












squito net 





around to find 





t 





necessary 


babies and 


brown 


l-class 


mothers, and to ask that 


to their 


tstre tehed Teet he 





withdrawn over the 





second 





which marked the 





line 





rinary 





ss from the first, in order to spread 





S so nnevel That 


Tl oe} deek Wi 





The middle ” 


] 
pair ot leas touched 






| teetered ingloriously tl] 





Every one who saqneezed past m) 





netting and I was 





dislocated The 


i 









stantly having to adjust if Of the 
nights in Madagasear. this on 
the most lefinite impression 
h bly because sleep robbed n ‘ Re 
its delights 
the morning | looked out up: 





ravished 


countrys 







s stretched back from either sick 
en hills in the distanes I eould 
scarcely believe that these river banks 
so long ago were covered with dense 





n forests which had been despoiled 





! ind set fires | saw t] ese fires belne 


and at 


eight separate conflagrations 





one time could see smoke 






n 


ihe easiest 
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food in Madagascar—is to 
ground, and the natives never choose 
Surely there could be 


conservation 









labor 


ious 






better object lesson in 





in these bleak hills on which only a 





curious fire resisting Trees scrageled 
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MANY AN AMERICAN ICE-CREAM CONE HAS BEEN FLAVORED B 
GREW NEAR DZAOUDZI, COMORO ISLANDS 


Most ot ORLD PI Oo} 


or Ne 3 wp S MARIE, AND C‘ONMORO 


mitted to unload at a Sakalava village Raphia, which comes 


for a few hours before resumine our leaves of a palm, was 


river trip We were the miost torrid because | had usec 


if } } 


section of the island, and the surround tving plants in greenhouses 
ings were typical of native life. On the — series in America 

dusty road to the settlement oxearts The bare little villag 
creaked along, brown men in loin cloths shaggy streets, squat and bi 
beside them, loaded with bales of raphia Ing as if its unburned br 
on their way to the landing place. been tanned by t san 





ba 4 / 














‘A TANGLED EXPANSE OF ALMOST IMPENETRABLE DESERT GROWTH’ 


\ MARVELOUS ALOE WASTES ITS FRAGRANCE ON TI 
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browned the natives why 


th careless grace in and out o 


OLLCS It} \Madagvasear are 


ss, chimneyless dwellings, then 


iked from open fires In the 

part of the island, they are 

ted mostiv of unburned brick 
southern quartet! Ver SPass 

s ping mn \ ves is done Dy 
lind and © hinhese ! ! ts 

. (Chinese sto s S 
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AUTHOR FINDS MANY INTERESTING 


vrocery, carrying French supplies, 
a ‘“‘Ilindoo store’’ handles little 
ept cloth The good-natured and 
te intelligent Malagash natives are 
dish when it comes to business deal 
es and are easily outwitted by the 
ndoos and Chinese with whom they 
Business is largely done by 

rter, for there is very little actual 
ney in Madagascar, in spite of the 
hness of the island If so small a 
nas 10 franes (40 cents) is offered 
native and this represents a major 
rchase—almost invariably he will be 


able to change it. 


in the sun as 


» on the river banks 








are ignominious cowards, and at the first protruding above the su 
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“THE VERY GROTESQUENESS OF THE PLANTS SUGGESTED A SID 
ALLUREMENT’’ 


Dr. HUMBERT STANDING BESIDE SOME OF 


] 


distant sound of our motor, they slid water, the rest of the head 
quickly into the water. Once in their submerged. But if we wer 


own 


element, they lurked about hun-_ startle the crocodiles on the b 


grily, at a short distance. We would a rifle shot, they, instead of 


eateh 


THE SCLEROCARYA AND THE MEDEMIA PALM ARE ABLE TO RESIST THE EVER RI 
OF THIS REGION. HAND-SET FIRES ARE ONE OF THE COMMONEST SIGHTS OF MADAGASCA 


glimpses of wicked looking eyes quietly into the water, sprang 














FIRES DON’T DISCOURAGE THESE 
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nd sank to the bottom of the We found here, as evervwhere 
: where they crawled, completely astonishment or languid 
their patl indicated by bub yreet our ambitious pial ll 
the surface speedy trip. It was as peo] 
n inviolate rule in Madagascar sted who felt abs telv 1 res 
must never put hand or foot in against the shortness of life and bre 
which he ean not see the bottom Wi leit as t! u 
er one must wade in a stream through a modern t1 by ra bh 
ves heat and whip up the water the required three d Vs I } 
vreat force and = shouting to vere behind us and we st} 
n lurking monsters. One form mobile road to the capit [’ 
old Madagascar trial by ordeal Exeellent new roads built | 
throw the suspected culprit into hand labor se inusu: 
dile-infested stream If guilty with so few cars tf ise the \ 








; Lo) ~~ 
* re 


BP bade 


= ae” 








ONCE SUPERB TROPICAL FOREST, NOW BARREN PRAIRIE COVERED W 
TERMITE NESTS 


t was the end of him, if innocent. he motor vehiel vas vVavs 

de it across to the other shore wonderment ind = almost 

Natives seldom molest these danger Malagash natives. An automobile d 
S creatures It is not fear alone, but not pass over this road eve a 
gious tabus which protect the croco mile on mile of fine smoot 


and other reptiles in Madagascar stretches through the heart 
native is willing to risk the ecroco- try and these roads are being cont 

's Jaws, but dares not offend the ally extended 

codile’s soul ! Our trip from the coast to Tanana 

We had several hunters aboard, and only 250 miles on the map, had take 

th characteristic indifference to time us six days, or virtually the same time 

schedules, the boat veered and de- as was required for this trip 50 years 

ired constantly to give them oppor- ago. It is certain that within a few 


nity to bag their game successfully. months the highway will be completed 
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OXNCARTS HELP, BUT DO NOT REPLA¢ 


all t} * Was and buses will Wat 
entire trip, eliminatine the boats alto 
vether When this occurs. it will mear 


the passing of one of the most appall 
Ingly picturesque journeys of old Mada 
rascar 

Our week in the eapital city was on 
of constant planning for the d iVs ahead 
We must guard against accident to our 
precious collections which were already 
vrowlhg We must take care lest some 
unforseen detail at Tulear would defeat 
us at the last in our determination to 
explore the southernmost area. Each of 
us must take on some twenty porters to 
transport us and our equipment into 
the desert—would we be able to. find 
men willing to risk their lives with us? 
Always in my mind was anxiety lest I 
should find Euphorbia intisy already 
added to the long list of non-existent 
plants. 

During our months of travel on the 
island we had only a few hours by rail, 
and were dependent on public bus or 
private cars the rest of the way We 
slept in huts by the road, empty win 


dowless houses. especially reserved for 


i Pope l Tl \ rn nal w 
cupled so thev were free fron 
vermin. The roads in the so 


of Madagascar are strictly di 
conveniences, as There ne nie 
and when str mms are niet 


Impassabli io rrl 


ing three or four t ny dugout 


vether, and laving a few boards 
They are mad chiefly to ace 
foot passengers al ct } ray 


automobiles 

It looked as if our expeditio 
come TO an UnceremMmonlous ene 
such crossing near Tulear. We 
after dark at the water’s edge 
truck heavily loaded with all 
equipment for the desert journ: 
well knew the custom that no on 
island, regardless of the need 
labors after the setting of the sm 
to spend the night here meant wm 
ing the truck which had taken hou 
pack. We were immediately re! 
when we asked the natives to he 
across. It was dark. they told us 
river was high, and what was fina 
ferry was broken. We pled and arg 
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whell ve offered ay ri ( S | 
» became plentitu the river vratulated 
and the ferry ready to g nderstood | 


perilous undertaking Wit At Tuleat 


canoes together, and planked lrencl . 
we had on hes 1 t : 
the nal « t| } | } | S 
rit men ft ( ek ro s a 
L I 
d the truck Pos nd Oo brus \| : 
s Wheels In p [’ ! lhdd not t . 
cl ( Cp ! Vil 1 ropr STS ‘ ‘ 
I 
S hur overtoacded Tt! ¢ forced It was the . s 
most \ te} nneSS \ ~ 
ssing vas ( ‘| 1) sil ( ~ lhe } ~ ~ 
. ye rrangement | rhe rl roved 
to Thre rop natives hes \] ris ! 
pulled the boat ; ss with our ould Suppose { 
rvent good wishes and pravers \frican neighbors o1 240) ‘ 
st Then (onee over 1 as a tone strane si l 
. f build a trustworthy anding 0 Sabie anvuay . 
: When we were safelv on solid as the Sumatrans tl 000) 
again, my traveling companion ocean between thet | 
cl speak little Enelisl ina straight | read, f \I 




















RIED GRASSHOPPERS OCCUPY A PROMINENT PART O Hi MARKI 
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NOT A KU KLUX GATHERING BUT A CORNER OF THE ZOMA AT TANA 
ON MARKET DAY 


island they clothed in ridiculous secona 
arments shipped thi 


} 


slans. In the south of the 


are frequently dressed only in their loin pean ge 


with their native 


amba 


cloths, the men carrying spears as the 
more popu 


gentlemen. In the wrapped over all. I was quit 


sign of 


lated northern sections the people are one day to observe a dusk 

















* AMPANITHY 


EVERY DAY IS MARKET DAY AT 
NOTE THE PREVALENCE OF ‘‘SUNTAN BACKS’’ AND THE GENEROUS US 
MILADY’S COIFFURE. 
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wearing a hat on while! 


the 


ad 





proud name ot 


) aved 












natives re 


if Malagash 


i roug! neck ’’ day, 


ering ¢ 


2 ars 


e ¢ 


Ve 


my college campus, when 





gleefully dressed themselves in 





neongruous apparel they could 
to celebrate tl March 


shins. dress eoatTs over 





le Ides ol 





TS and bare 





and Spanish combs Nn 





rts mou 
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The one evider 
ol The Pp rt ? t Ves ~ } ’ . 
Sion Tor Cquiring i! ras Du T 


sure of Vs O Ry 
ire never ed ! seldom dh) 
water, and are rarely milked 

r food 














MADAGASCAR HAS MANY 


GROCERY 


S A TYPICAL ‘‘ HINDOO SHOP,’’ WHILI os 
REASONS, ARE KNOWN 
|. -, : ’ , — ls 
ocks—fashion’s mandates are elas 


n Madagasear. 
They are a patient, happy race, naive 
their ideas of morality, to be sure, 
t a decent, likable lot. 
We had two chauffeurs on part of our 
irney who, when they presented them 
es, told us they were brothers. 

But _ 3 


Ll TWO, who are brothers. look sO uh 


how is 


inquired, *‘that 


‘) ey replied iin With you, we are told, 











CLOTHING 


STORES SUCH AS HIS FEW 
STORES 
OF iH <8) 0 
As ( oO 
The incident was told me pl 
perous Malagash native whose wi 
very young infant were suffering fron 
cold, being destitute of clothing at 
was brought before a colonial officia 


and rebuked for allowing his wife to d 


of neglect while he was rich in eattl 


‘But if I part with a zebu 
replied, “It is so verv hard to 
another.’’ 

At Betioky, we re to lose all con 
munication with civilization for a tim 
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FRAIL GRASS HUTS ARE THE RULE IN SOUTHERN MADAGASCA 


eel] A note Is given to the native 
Spl Tw 


Mail communication was almost a 
at any time, as it 


letters as he 


places tf In the e! cl ol 


vible factor with us 
many weeks to send runs with it to its des 


Very 


requires 
across the island, a excellent and offers it to every Europea 
The message usually reaches 


being univer 
eventually 


cheap telegraph system 
sally depended upon Courier service tended person 
recommend send 


is sometimes used for short-distance mat! 
officials or Europeans 


would hot 
Intormation by this means 


service between 
generally, and was amusing to us Under a cloudless sky, ou 





quite 




















AT MAHATSINJO 


THE ‘*‘HOTEL’’ 
THE AUTHOR SPEN MANY NIGI 
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set out Into the desert Dur aust ran and obt ‘ ri 
each vear there Is absolute \ bv wringing thet 1 it 1 
here and drouths lasting as — bash vessels 
x years have been know} Small wonder that r porters 
y stories hac drifted out ol bled over a sin ar eX Psi 
J) and others will never be That plant life should be so ab 


We knew the authentic storys n this raintess count SeeTHS miost 


frown, the voung Carnegie sur incredible It is made possible 

hose trail we were partially to | the very great humidity at night Dens 
He was proceeding as we wer dews and fogs oceu most night 
ana. and was several days out ‘he dew on a laree plant becomes s 

















ELLINGS OF UNBURNED BRICK PREDOMINATE IN CENTRAL AND NOR 
MADAGASCAR 
Ni ous 


his water supply was exhausted heavy during the night thi 
his porters had refused the only runs down about the base 
sture To be had foul mud at the morning the eround about the | 
m of a water hole It seemed that looks as if it had been wet by a s! 
one fate awaited the party, several The desert plants hav deve 
s away from water In any direction, utilizing devices of various queer sorts 
er a fierce tropical sun. But in the which render them resistant 
t, miraculously, for it was the first usual drouth conditions 
in three vears, a shower fell. Th Minutes in the morning on the des 
rters rushed to spread their lambas to are precious, SO 1), Humbert 
h the precious drops lambas whiel brewed a hasty cup of cocoa at a ! 


ably had not been washed since the each day, and with little mor 
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Photograph by Robert Taylo 


WOOD CARVING IS ALSO A FAVORITE PASTIME FOR MANY OF THE MALA‘ 


breakfast, climbed into our filanzanas 
swinging chairs borne by two long hori- 
zontal poles. The natives did not break- 
fast at all until late in the morning, and 
sometimes they had their first meal long 
after noon. 

The dismal chill of the early hours 
was as difficult to withstand as the heat 
later on. I began the day wearing a 
khaki shirt, a sweater, a coat, and a light 
overcoat, but even so I was never quite 
warm enough for comfort. 

Four natives picked up each of our 
two curious filanzana chairs and jogged 
off. One porter could work only about 
five minutes without needing relief, then 
he would manipulate a shift with his 
alternate. Every step of the porters is 
a jar to the passenger, and each shift a 


two ot 


real jolt. No the 
the same height, and the bobbing 


porters 
was indescribably fatiguing. Th: 
morning while | was attempting 
just myself to the discomfort a 
stumbled while making the shift, 
was dumped out into the path. 
The 


porters were an 


joking group, talkative to the point 


irritation at times. My filanzana 
decorated with the personal belon: 
of my men foot shields cut fron 
charms, souvenirs, 
their rice, and even tiny woven mat 
their beds. 
the two camera porters to the fila 


also, as they were constantly wand: 


skins, spoons 


ahead or lagging behind when we n 


the camera. Moreover, althoug! 


irrespol . 


We had to threaten to s 








PLANT HUNTING IN MADAGASCAR 


Was all lmportant, W had . S . 
he natives ver morning . if 
lled his individu S . . 
ey the day tl rg . 
th ti Dav ve Carriers 
miles at ir} l ‘ 
ip S 
verience d red trom tl ! \\ 
plant « ‘ ! ! . 
to rr noite! rspecn s | 
e was untouched by botanists sert s 
vere surrounded by plant lit endurable has 
lowed the trail lf S S spreae 
uncomfortable riding to e rded . 
a eather plants, and at intervals desert Wi ‘ . 
ld walk for periods of half an one if. possib 
r so to rest the porters At he porters 
valk is a very long one for a this tin So) . —- 
nan in any part of Madagascar manloe ol . : 
Ss only rarely made by a European WSU TT VHS ) 
obiles being scarce, white men Tie Thay l¢ ) } } t 
vhenever the road permits, rick two pounds of dh 
Ss pulled and shoved by ** DOUSSE actually consul e ~ ‘ 
a bovs Of course we had no mea lt Ss! | 
de luxe service in the brusl erain flak nd ms 
\bout eleven o’clock the cesert heat It was boiled exact twenty 




















HOVA WOMAN WEAVING A SILK LAMBA ON A NATIVE LOOM 
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TRAVELING BY AUTO IN MADAGASCAR IS NOT AS SIMPLE AS IT SO 


FORTUNAT MEN AND WOMEN Of AGES V ALWAYS WILLING TO 
A HAND 

utes, and so exact are they in this that The porters sometimes took j 
they are accustomed to measure time by of the strong light at noon 
the leneth of their rice cooking chiggers from their feet Tl 

Occasionally we purehased a desert all were badly mutilated wit! 
herded animal to slaughter for meat out these pests. Chigger hunt 
But supplying the group with meat was very necessary rite in all pa 
complicated, because of the tabus cer island as this tiny mite is a vel 
tain tribes held against certain meats scourge. During my three and 
Our men were of several tribes and months in Madagasear my uns 


broke up into tribal groups for their never touched the floor or er 
eating. Some could not eat beef, some danger of picking up one of tl 
could not eat mutton or goat meat mites. They are extremely m 
They were quiet about these idiosyn- small that I never managed to sj 
erasies, and often we did not know of although I saw natives ever 
their shortage of food until they felt it searching them out. They burrow 
on the march. We always carried a few — the nails or under the thick cal 
live chickens with us, and these were an the soles of the feet, lay their eg 
unmixed blessing to Dr. Humbert and incubate them. The ensuing pois 
me, who had to prepare our own meals. is very serious and sometimes 
We could not obtain a cook (this sounds Native girls of keen eyesight find 
like civilization), and consequently de- hunting a paying oceupation. | 
pended on our own culinary efforts, with they find the chigger buried a q 
but slight help from the native soldier of an inch. It is not an outdoor 
in our party who sometimes tried to aid but one that infests only buildings 
at mealtime. ing in crevices and corners. 








HUNTING IN) MADAG 


ra ished 
eared aged 


atting 


in mediately 


trom our porte rs 
voods Was Yo 


a stop to if 


took advantag 








ISN’T EVERY YEAR THAT THEY HAVE A CHANCE TO OBSER 
VISITOR 
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MEAL 


HATS MA , I 


them into baskets Kach plant had to 
be removed from the ground in as nearly 


We did not 


trust our porters to do this particular 


a pertect state as possible 
work. Always must we find plants that 
ot To be ot 
much use as herbarium specimens, they 
When 


up 


were in. bloom, for course 


must have a ood. open blossom. 


find 


twenty or thirty of each kind, carefully 


ever we could them, we dug 


tving them together. 
Within a 


our noon-day stop our camp would take 


few minutes after making 


on a queer cluttered appearance as we 
untied ot blotters 


laid them out in little piles in the sun 


bulky bundles and 


to dry, carefully weighting them down 
with sticks and stones to keep them from 
blowing. Many of 


ered plants had to be eut into several 


the recently vath 
pieces to be accommodated, for bli SSOTLS, 


stems, roots and all must be placed he- 
tween special absorbent sheets ot paper. 


With 


never pressed as one might suppose ; 


few exceptions, our plants were 
no 
pressure was brought to bear on any of 


them except that caused by the straps 


\ 


TIME 

S FOR S 

used to bundle the unwieldy 
blotters together We carried 
collection of jars and bottles an 


serving solutions for fleshy for 
possible To drv. 


Occasionally on comine to 


we found it necessary to stop 
out plants and blotters wit! 
heat We would construct racks 
20 feet long, 3 feet off the grow 


of small tree trunks, laving out 


of blotters on them Underneat 
would build a slow. smoldering 
fire which had to be kept = b 
steadily but not blazing 

While we did our clerical wor 


ironed other plants with a sad 
dry them, we had a native tend this 


(On one stop we employed a bov tor 


work, but we were continually irt 
to step from the house in whic! 
were working to find him gone. F 
I decided to accomplish our ends 


ventle means, so I bought him a ni 


worth of bananas—an enormous nul 


and two eents’ wort! 


Capturing him down the st 


for one bov 


peanuts. 
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IN HIS MADAGASCAR PRAIRIE SCHOONER 


LO OFF 


roots of ferns which grow on the trunks — to be swiftly realized, wher 

of trees, as a satisfactory makeshift for the second day’s mare!) 
really desirable moss, of which I found supply ran out. We had 

but little in Madagasear. My entire col- two or three tiny villages we 
lection of plants had to be gone over not enough water for their 
thoroughly very often, rewrapping and and drinking water and water 
discarding where necessary.. Naturally, ing rice for our large party 
seeds are by far the easiest of living unobtainable. Our only hop: 


plant material to handle, and these I push ahead the third day. as qu 


obtained whenever possible. possible, trusting to find 
With nightfall the clammy desert chill supply before it was too lat 
sent us to our wraps and blankets, but Our physical suffering and « 
the natives lay on the bare ground ing thoughts that day, strugg 
around the ashes of their fires, with only a merciless sun, are indeseri 
their thin lambas for protection from ominous hush fell over the 
the cold. was not broken when. one after ai 
The responsibility for the lives of our five of our faithful porters collaps 
forty men ina country where water was the roadside. We paused only ton 
so difficult to obtain was no slight one. the lips of the first two witl 
They had been foreed to accompany us hoarded drops of water—we « 
and I felt real concern for their safety nothing for the other’ three 
as well as for our own. We had started marched on silently in the des; 
with all the water it was possible for hope that we might return to the 
us to carry, but it was necessary for us fore it was too late. Of course we 
to plan to fill our water bags at village no longer depend on filanzana trav: 
waterholes along the way. in spite of our exhaustion we must 
It looked as if the porters’ fears were up the wuneertain journey on 
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were consta 
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OF THE ORIGINAL INTISY PLANTS, AND A FEW OI 
THE WASHINGTON GREENHOUSES 
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fain if Was Intisy 
and anxiously n 
the slender stems, and 
latex ooze out Dippin 
this white liquid, I gleet 
harden into a unis 
pure rubber, and [| kn: 
had come Upol mV cove Ted 
No other rubber pla 
which produces a_ latex 
into such high-quality rul 
without artificial treatme 
fact that this higl quality 
handled with such eas 





for its exploitation by the 
vears ago all accessibl 
slashed mercilessly and 
their ruthless methe 
ing. 
THE FIRST PLANT OF EUPHORBIA | 
INTISY FOUND BY THE wages) for eacl 
EXPEDITION dig up and bring 
ers, and they sea 


“Two franes ( 


specimens The 


BBERS KNOWN, AN k TH last long however, whe 


+ 


HAS BEEN VIRTUALLY EXTERMINATEI little trees were in dry stot 


rHE MADAGASCAR NATIVE: and very diffieult to die 


meant, served only to increase our disap ng the very . aces POOts ; 
pointment at finding none of them to be they were equipped. Intisy dif 
true. 

A village chief had been our latest in 
formant and after a tedious excursion 
we found that his information was as 
useless as all the rest had been. Almost 





with resentment I listened to the words 
of cheer he poured out to us as we de- 
parted. 

‘l know now which one you wish, 
don’t be sad for you will find it a few 
hours on.’’ 

Scarcely two hours later, as my port 
ers jogged along, I looked up to see a 
slender, inconspicuous little tree with 
leafless green branches, growing in the 
brush at the side of the road I was 
almost too excited to shout ‘‘ Andras 
(stop '’? to my brown men. DIGGING INTISY PLANTS Ol 

I was out of the filanzana and scram STONY SOIL WAS HARD 
bling through the brush in a minute. UNUSUAL WORK FOR 
Onee I had reached the tree I felt cer THE PORTERS 














A CINEMATOGRAPHIC STUDY OF SPRINT 


By Professor WALLACE O. FENN 


re 


THE earliest incentive the devel 
ment of the motion picture was the de 
sire to study the gaits of animals and the 
foot movements of the race horse (Muy 
bridge, 1875 Likewise the pioneer 
efforts in 1885 of the Freneh physiolo 
gist, Marey,* in this direction, were 
particularly devoted toward the study 
of the movements of the limbs of men 
in running and walking. In more than 
forty years which have elapsed since 
that time the motion picture industry 
has passed far beyond its original ob 
jective. Simultaneously both the science 
and the art of running have advanced. 
On the one hand the physiologist has 
learned much coneerning muscles and 
muscular movements which was un 
known to Marey, and on the other hand 
sportsmen have accumulated a greater 
wealth of practical experience and em- 
pirical rules which have helped to make 
good runners and to break many world’s 
reeords. 

The moving pictures have contributed 
something to this advance but this con- 
tribution has been chiefly to the 
‘‘anatomy’’ of running; it has described 
for us the orbits of the arms and legs 
in good and bad runners and has de 
fined the times of contractions and relax 
ation of the various muscles. The mov 
ing pictures have not told us much, how- 
ever, concerning the fundamental 
physiology of sprint running. It may 
be of interest, therefore, to deseribe the 
results of a cinematographic study of 
sprinters which has thrown some light 
on the fundamental question, ‘‘ What is 

1 Muybridge, ‘‘Animal Locomotion.’’ Lon 
don, 1873. 

2E. J. Marey, ‘‘Developpement de la mé 
thode graphique par l’emploi de la photo 
graphie,’’ 1885. 
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can man never 
than a mer 10.6 met 
Why does it b 
cult to beat a w 

kor the nio 
study l am inc 
rison, of the East 
Films. The ge 
films can be see 
shows a man running 
work with squares 1 met 
There were 128 exposures 
the length of each exposu 
about one-thousandth 
man wore a white collar 
spot on it and a little n 
another black spot tied secur 
the waist. These provided 
ror measurement 
forward progress of 
rise and fall with each 
balls are dropped along 


trame-work in order to 


speed of the film One 


seen falling in Fig 

the methods used for 

films need not concern 

the general argument which 

taking of the films and the 

drawn from the study will be 
in what follows. 


THe EXxTerRNAL RESISTAN 

The runner appears to be | 
against a negligible external resis 
the air. This air resistance has 
measured on small] models 

W. O. Fenn, ‘* Fri 
tors in the Work ; 
Jour. Physiol., 92, 5 
Gravity and Work Due 


Running,’’ A me 





A CINEMATOGRAPHLIC STUDY OF SPRINTERS 








dently by DuBois Reymond and moment 
V. Hill, and the figure they ob stead of 
d has been contirmed by the writer — clearly 
quite a different method Thus it The result is 
s been found that for an average man check his speed slig 
nning at top speed 7.) meters per foot touches the e 
nd) the air resistance is about 1.2 the loeation of th: 
This is certainly a rather small the body as well 
stance to be overcome by a man who moment of contact 
start of a race ean exert an aver- movement then it possible 
foree more lke 50 kom Hill . from the angle ot contact le 
when going at maximum and henee’ this check on the movement 
stant speed the average propelling runner is. Carrying out this r 


; 


must be just equal to the resisting simple ecaleulation 1 is tound 


that 


runner loses at each contact about 1] 
is, however, another souree of per cent, of his velocity At speeds 
resistance and this is the re 7.0 meters per seco! d, which are about 
tance offered by the ground The maximum for most untrained runners 

does not strike the ground directly this amounts on the average to about 
the runner but somewhat in twice the resistance offered by the air 


t of him. In fact a study of the This resistance is overcome by the foot 


ving pictures shows that the leg while it is in contact with the ground 


ces an angle with the ground at the as it gives a forward push to the body 
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It is theoretically possibli to measure 


this ground resistance also by determin 
ing from the moving picture 


maximum chi 


body during each Th was In 


fact done. but it turned out to be muel 


more difficult and muel less accurate 


t 


than had been expect | Unfortunate ly, 


the velocity of the body is, strictly, the 


; 


velocity of its center of gravity, and 


this IS by no means the same as the 
velocity ol thre nose or the } Ips or of 
’ 


ans other part of the body While the 


foot is on the ground the hips tend to 
ret ahead of the nose. and while the 


runner is in the air the nose tends te 


catch up again These changes in ve 


locity are much greater fortunately) 
than the changes in velocity of the 
center of gravity. This can clearly be 
shown by the laborious process of calcu 


lating from the various positions of the 


arms and legs at each moment in the 


race exactly where the eenter ot eravity 


is. This calculation may be avoided by 
the use of the strange mechanical model 
Kie, 2 This model was 


illustrated in 
designed by ©. Fischer? It utilizes ; 


series of interconnected pantographs 
each one of which has its terminals Fig - indicates tl 
connected to the centers of gravities of 2%@Vity of the whole body for 
two adjoining parts of the body and by tion of the arms or legs 
its central point indicates the common method of following the « 
center of gravity of these two parts %'@Vity of the body is laborious 
irrespective of any change in their rela and in any ease the error is s 
tive positions. Thus two pantographs that the results are of no 
on each leg indicate its common center pono 
of gravity (S in whatever ways The most accurate and tl 
the knee and ankle may be bent. The gant method of measuring 
common center of gravity of both legs resistance 1s to construct 

Ss is indicated by another panto able platform which is 
graph connecting the centers of gravity into a running track 
of the two legs separately. Still another email arranges to step 
pantograph indicates the combined form as he runs The 
center of gravity of the two legs and mounted on wheels and 
the body, and so on. Finally the point slightly backwards 


against strong sprines 


horizontal movements by 


‘This model is reproduc in ** hanik der 
| D, 1910 


Gel nke,’’ : : 
St to aatuall ermann, Mg on a moving drum 
Berlin, running track Thus it 





bods 


lowing 1 
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vreater propelling foree—why the pro 
pelling force decreases from 50 kgm. at 
the start of a race to only 5 kgm. at top 
speed The reason for this is that in 
creasing energy is needed to move the 
arms and legs as the speed increases, 

e., to overcome the internal resistance 
of the parts of the machine The leg 
must be moved forward quickly enough 
to cateh the bods before it falls and it 
must be moved backwards quickly 
enough so that it will not ‘‘drag.’’ The 
limiting factor in running does not lie, 
therefore, in the external resistance, but 
in the internal resistance. 

A simple experiment which any one 
can do at home convinces one of the 
difficulty of swinging the legs. During 
a sprint each foot touches the ground 
about twice in each second. Try stand- 
ing on a stool and swinging one foot 
backwards and forwards as quickly as 


possible through an are comparable to 


that used in running. Th 
was 15) complete swings in 7 s 
almost exactly twice per s 
sprinting. Most of — the 
running comes from swinging 
The small simultaneous pus! 
the body Is a small item 
and is largely done by ext 
ankle joint. 

The emblem of the 
sents three human leg 
a common center like 
wheel (Fig. 4). This might 
that the inhabitants of this is 
early times had discovered the 
these observations ceoneerning 
of swinging the limbs and _ ha 
visualized a new and much mor 
ent method of locomotion in wl 
limbs could rotate in complet: 
Once endowed with the ne 
kinetic energy these limbs could b 
to rotate by themselves with furt! 
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exerted 

T move the 
physio 

cannot 


noving fi 


a muscle expe 
against a moving 
shorten rapidly 
strong pull avi 


er, measure Tro 
HhoOW much WOrk 
) against the lim ‘or this pur 
is necessary to know > VI locity 


which they are movin at different 


in the running eyele. This is 


l +) 


red by projecting the film picture 
ture and measuring the angles of 
and legs. Knowing the velocity 
which they are moving the kinetic 


can be caleulated from the pro 


{ 


of half the mass, m, by the square small item 
velocity v-. over tar 
the case of the upper and lower ferred 

and the upper leg it is found that collision 
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of the Isle of Man knew their phvsies 
well 
The argument may OW ‘ l 


marized as follows 





(; ] S 
Dulasine 0 os 2.37 
neas Ls chan 
We are thus able to account for 50 per S 
cent. of the energy available during the be v 
race. Even the Diesel engine is only 35 Fro W D) 0 1S 
per cent. efficient. Actually the effi i ribose 
clency of the runner is probably even ” 
greater than 50 per cent. for we have possible to eain a clearer 
left out of our balance sheet altogether difficult it is for the muscles 
the energy used by the heart and that with the limbs as thev sw 
which is used in contracting the muscles — terminine how rapidly thy 
of the trunk and the neck to give the in a muscle as its speed 
bods the necessary rigidity This fix NCVEASES In isolated muscles 
ation energy may be rather a large item be measured directly as Hill 
Here then is one of the sunplest and In human muscles it is possibls 
most well defined of the many biological sure how the foree which the 
phenomena which, in the present state exert against some externa 
of our knowledge, seem to us beyond eter decreases as the speed S 
the realm of possibility It is Mother ment increases. This Hill has 
Nature’s challenge Can man with all but the results are complicates 
his ingenuity construct a machine which possibility of nervous interve) 
will accept chemieal energy, probably have recently been able to esti 
derived from the breakdown in the relation between tension exert 
muscle ot a recently discovered sub speed ot shortening Ink hah I} 
stance phosphocreatine, and will trans- ing way 
form this chemical energy into mechani It is a fundamental law of a 
cal energy into mechanical work, with that the acceleration with wl ] 
out an intermediate heat stage, and moves is proportional to the 
with at least 50 per cent. efficiency? erted upon if Hence if we { 
termine how the acceleration U 
How Tue Limes Ger AHEAD OF THI with velocity of movement wi . 
MuscLes know how the force changes 
It has been suggested that some of acceleration is the rate with wl 
the remaining 50 per cent. of the ‘*“Muscular Activity,’’ Chapter I 
energy is spent in “‘trying’’ to pull ‘The Maximum Work of Hu 
é‘ ; nd Their Most Econon Speed 
against the rapidly moving limbs. It Hill, J. Physiol. 56, 19, 1922 
is not vet possible to say definitely how > These resulta will soon be tb 
much this energy amounts to, but it is _ tail 








exXe 











vel citv is 


y is increasing. The ; 
ned by arranging for the arm or 
ig a pointer along a revolving 
then the the 


greater 


as it swings; 
] 


the steeper the s ope of the 
traced on the drum. The accelera- 
is the rate with which the steep- 


The sub- 
and 
to extend it as hard as possible 
st a strong spring balance which 
the force The 
is then suddenly released so that 
free to fly out under the influence 


increases. 


he eurve 
elbow 


flexes his knee or his 


f 


developed. 


sures 


the tension already existing in the 
iscles. From the drum record which 
; traced as the limb flies out, the aceel- 
It is found that 
foree decreases as the 
By averaging to- 
obtained in many 


is determined. 
-celerating 
ity increases. 
r the 
eriments it is 


records 
found that the accel- 
the the 


3.2 per cent. when the 


nm and hence tension of 
les decre aseé 
ty of shortening of the muscle is 

er cent. of its length per second. 

the time the limb has moved 4.5 em, 
sufficient time has elapsed (about 0.01 
seconds) to permit some reflex relaxa- 
n of the muscles to take place. Hence 
is value must be calculated from the 
‘ord inscribed during the first 4 or 5 
After mov- 
ing this distance the muscles are short- 
ening at a rate of about 60 or 80 per 
ent. of their length per and 
accordingly the force has dropped off 
19 to 25 per cent. 

From these experiments we find that 
the muscles lose 3.2 per cent. of their 
tension for an increase in their rate of 
eent. of their 
iength per second. Is this sufficient to 
account for the difficulty observed in 
exerting tension against a moving limb? 

From the movies the rates of flexion 
or extension of the knee and hip joints 
at every moment during the running 


cycle are known. By reference to ana- 


” 


entimeters of movement. 


second 


shortening of 10 per 
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tomical papers the iengths of t lev 
arms of the various muscles concerned 
ean be known and so the corresponding 
maximum rates or shorts ng S 
muscles can es d. In this v 

it is found that one of the extensor 
muscles of the knee, t rectus Jemoris, 
shortens at a max rate of 3600 per 
cent. OF 1ts iengthn |} i 
of the flexors of t the biceps 
emoris, Shortens at m rate « 
373 per cent. of its length per second. 
At these rates of shortening the ree 
lost by the muscles would b 360/10 
x 3.2 or 115 per cent. (and 119 per 
cent.). This approximate figure is sufl 
cient to tell us the story. At the maxi- 


‘ 


mum speeds ol 
the body the muscles wi 
exert no 
eould produce no further accelerat 


short 


external 
This, therefore, is the process that sets 
a limit to the speed of movement. 
It is 
question, 
forthcoming as 
pre 
ston at 
There 
answers to this question 


. . , 
ask one turther 


necessary to 
though no 


even answer lS 
vet. 
' , 
vents the muscles from exer 


the S¢é 
would 


high Speed 
he two pt ssible 
b th of 


involve fundamental concepts of muscle 


seem To 


which 


physiology. 

If a muscle exerts tension against an 
immovable object it must spend energy 
continuously as long as the tension is 
We may describe this by 
the 
a certain rate and that 


maintained 
that 
loses tension at 


muscle continuously 


saying 


the energy expended is necessary for the 
» 


continuous redevelopment of this 


sion. Eight years ago, while working in 
Hill’s laboratory in London the writer 
was able to show’® that when a muscle 
was shortening it expended more energy 


and when it was being stretched it ex- 
pended less energy than when it was 
merely contracting without change of 

10 W. ¢ cA ( neviens between thy 
Energy Liberated and the Work Performed 


Jour. Physiol., 58, 175, 1923. 
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length. We may describe this by saying 
that in shortening it loses tension at a 
greater rate and in lengthening it loses 
tension at a lesser rate than when stimu- 
lated at constant length. Consequently 
the rate of redevelopment of tension 
must be greater while it is shortening 
and less while it is lengthening than 
when it is of fixed length. The added 
necessity for redeveloping tension dur- 
ing shortening and the delay in the 
chemical reactions necessary to supply 
energy for this process is one of the fac- 
tors which limit the tension in moving 
muscles. The other factor contributing 
to the loss of tension in shortening 
muscles is the viscous elastic effect 
studied by Hill. By this we should 
mean a mechanical delay in the develop- 
ment of tension due perhaps to the vis- 
cosity of the internal medium of the mus- 
cle. Certain structural rearrangements, 
if only of molecular dimensions, must 


obviously be required for the 
manifestation of tension in a n 
these would certainly be inter! 
by internal frictional resista: 
exact apportioning of the tens 
shortening between these two 
yet to be accomplished. Also ) 
yet know how much of the tot 
mobilized for the race appears 
as heat due to the inefficiency of 
chine. Both of these questi 
great importance for the phys 
muscles. 

In spite of these perplexities \ 
still have our races and our 1 
The less they know about the y 
wherefores of their remarkable 1 
ery the better they will run and 
knowledge probably will not t 


fraction of a second off their best 


But we have at least gained 
idea of why every last fracti: 
second is needed. 
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By Dr. C. H. BENJAMIN 


ALTADENA, CALIFORNIA 


DESCRIPTIVE writing in prose or verse 
s akin to drawing and painting, in that 

th aim so to clothe an idea which exists 
‘in the mind of author or artist that it 
may be intelligible and pleasing to the 

iblie, or at least a part of the public. 

either case, the success of the pro- 
lucer is measured by the reality and 
vividness which he gives to his idea in 

» mind of the recipient. 

In the work of the artist we note two 
mportant steps: first, the drawing of 
the outline or structure ; second, the fill- 
ng in with light and shade and color, 

bring out the picture in relief and 
vive to it realism or impressionism, as 
the ease may be. The first 
matter of mathematics than of art, since 

e outline must be correct in proportion 
nd perspective. The second is a ques- 
tion of artistic rendering, involving the 
use of the imagination and of certain 
tricks of light and color which shall pro- 
the desired effect on the 
The great artist does not 


is more a 


duce 
the beholder. 
paint things as they really are but as 

ey appear, and by a skilful manipula- 
tion of certain colors creates an atmos- 
which em- 


eye of 


phere and an impression 
phasize his idea. 

In like manner the author forms the 
skeletons of his sentences with nouns and 
verbs which convey the main ideas, as, 
‘The sun shines,’’ ‘‘ The wind blows,’’ 
‘“The man walks.’’ To elaborate his 
idea and to produce a vivid impression 
on the mind of the reader, he embellishes 
his sentences with adjectives and ad- 
verbs: ‘‘The wintry sun shines feebly.’’ 
‘The summer wind blows fitfully.’’ 
‘The solitary man walks stealthily.’’ 

We may liken the qualifying words to 
color media, since they give life and 








form to otherwise vague 
ideas, and as artists vary 


ment of a theme, using different keys 


and different color schemes, so authors 
may vary their interpretations and by 
the use of different ‘‘ word colors’’ pro- 
duce divers effects on the minds of their 


readers. 
The present 
analyze the use of qualifying 


paper is an 
various writers of prose and poetry 

to determine, if possible, the character- 
istics of their various ‘‘color 


For the purposes ¢ f this study were 
chosen three English poets, Milton, Ten- 
nyson and Keats; three English prose 


Dickens and Thackeray; 
three American Longfel- 
low and Whittier, and three American 
Irving, Hawthorne and 


writers, Scott, 
poets, Bryant, 
prose writers, 
Poe. 

An attempt to in Lin 
ists, such as Addison, Carlyle and Emer- 


‘lude certaiz 


son, revealed the fact that their adjec 
tives could not be classified with those 
of the poets and writers of fiction, since 
the ideas presented by the essayists were 
so much more abstract in their characte 
You can not well compare a description 
of an emotion or a virtue with those of 
people, landscapes and buildings 

In a general way the extracts chosen 
for study were of two classes: (a) De- 
scriptions of outdoor scenery; ()) de- 
scriptions of indoor scenes, including 
descriptions of persons present 

The selections were of various lengths, 
containing all the way from four hun- 


dred to three thousand words each, the 
total number of werds from each writer 
being three or four thousand. A eare- 
ful count was then made of the adjec- 
tives and adverbs in each selection and 


these modifiers were arranged in classes, 


) 





"- 


006 
according to their significations. Con- 
siderable difficulty was experienced in 
determining the most rational method of 
classification plans were 
tried The 
method was finally chosen and, while not 


and several 


and discarded. following 
by any means perfect, seems to be fairly 
satisfactory. 

(1) Adjectives of appearance or sight, 
including color, value (light and shade), 
form or and texture; (2) 
jectives of quantity and place, including 
size, number, location, motion (this divi- 
the adverbs); (3) 


outline, ad- 


sion includes most of 
adjectives of the senses other than sight, 
including sound (pleasant and unpleas- 
ant), touch, taste and smell; (4) mis- 
cellaneous, including time and abstract 
adjectives (pleasant, unpleasant and 
neutral), moral and mental qualifica- 
tions. 

It was at first intended to classify 
sound adjectives as to pitch, time, qual- 
ity, ete., and to specify under touch such 
qualities as shape, texture and tempera- 
ture, but the very limited use of the 
sense adjectives other than those of sight 
made Value is used 
in its artistic sense to signify light and 
shade, brilliancy and dimness. 

The adverbs are for the most part in- 
cluded in the subclasses of motion and 
time. Participles used in the sense of 
adjectives are included in the motion 


this unnecessary. 


subelass. Sounds are distinguished as 
pleasant and unpleasant, and silence, or 
absence of sound, is included in the 
classification. Time is distinguished as 
long or short, past or present, and of 
course includes many adverbs. 

All adjectives which have reference 
to spiritual rather than physical attri- 
butes are put in the fourth class. They 
are subdivided according as they indi- 
cate pleasant and good qualities or the 
reverse. The third subclass of neuter 
abstract qualities is a sort of rubbish 
heap for adjectives that refuse to be 
classified otherwise. 
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SELECTIONS 


i 


1. Milton.—For outdoor d 
is selected from ‘‘ Paradise L 
IV, lines 160 to 
Eden Satan’s 
selection mentions the appr: 
fallen angel to the 

from the Tree of Life and of 
This was written about the 


268, a de 


first ¥ 


and of 


outer wa 


XY 


some ten or twelve years alter 
As a 
chosen ‘‘ 1] Penseroso’’ 
both written 
Was a young man and living 
ther’s house. 
Melancholy and to Mirth res} 
The extract from ‘‘ Paradise L 


contrast to 
and *‘L’A 


about 1632, whe 


came blind. 


+ 


These are apost1 


notable for adjectives of textw 

smell, deficient relatiy 
value and 
deficiency is the more remarkab 


and and 


those of sound. 1 
we consider that in the two ear] 
and ‘*L’A 
adjectives denoting pleasant sow 
Milton was 
as a musician, and it hardly see 
loss of sight would change his fe 


tions, ‘‘ Il Penseroso’’ 


relatively numerous. 


this respect. 

**]] Penseroso’’ is strong in adj 
of value and weak in those of e 
probably due to the nature of his t 
‘*L’Allegro,”’ 
able for its color adjectives and for t 


on the other hand, is 
of pleasant sound; this also might 
been expected. In abstract adjectiv 
a pleasant character, ‘‘I] Penseros: 
far in the lead of both the other s 
tions. This may perhaps be underst 
when we remember that the poem 
of the pleasures of melancholy and 
It would naturally 
written after 
come 


of its pains. 
that verses 
ton’s blindness had 
would be deficient in the adjectives 
sight and appearance. Inspection, 
ever, shows the same number of thes 
the extract from ‘‘ Paradise Lost’ 
the two poems written in his youth. 


sumed 
upon 
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; may be best explained in the LEaters’’ and ‘‘Mariana’’ hav n ui 
s own words: usual number of abstract adjectives 
not these « s that r \ n CeSS p sant o S S 
y piercing r but find 1 lawn I se di . ac 
a aro} serene hath g n 1 their rather t n to 3 
< sion veiled Yet r the more Gicti 
wander where the senses t \ 1 th my I 
ng, or shady gr r sunny hill Milton indicates 3} 
tne iove ot sa d ng tert In artisti 
while Tennyso1 
ar cone “ae ; 
most noticeable pecullarity or the stract and sub ' . 
r poem is the unusual number of ad- © Keats... Ton 2 
S expressing smell or odor, there were analvzed. « . ind 
g twelve of these in a thousand jjnes from Book I « 
ls. When we consider the fact that outdoor deserip nil oma « 
s class of modifiers is rare and is en- teen stanzas fror S 
absent from most of the selections, Aenes The 1 
s exception becomes even more jon’? describes the scene « 


able. Pleasant odors made up in 
for loss of light and color. 


the sides of Latmos 


: Contrary to expectations, t e proved 
2. Tennyson.—The selections from jo he less rich in adiectives than tl 
ny son are: for outdoor life, **The selections from Milton or the eal er 
tus Eaters’’ and ‘‘Mariana’’ of his poems of Tennyso1 Endvmior 
er poems and an extract from  pemarkable for the number of adiect 
[aud’’ (1855), ‘‘Come into the gar- of eolor. texture and size, and the ‘‘E\ 
\T. 77. & °7 "2 . ‘ " . - s3 2 
Maud a for indoor and personal de- of St Aenes’’ for thos expressing pleas 
ption, ‘* The Lady of Shalott’’ (1832 urable emotions. In general. it is to 
the prologue of ‘‘The Princess’’ expected that natural scener 
bse Jo quire more objective modifiers for its « 
One notices first in these groups the scription, while indoor scenes, with their 
mparative paucity of descriptive words actors and actresses. will call for t 
the two later poems, ‘‘Maud’’ and  gtract or subjective. The extract 
The Prineess,’’ the percentage being ‘‘fydgymion’’ contains six 
ler than in any other selections pressing odors and, with the ex 
sted. On the other hand, ‘‘Mariana’’ ¢ho extract from ‘‘ Paradise Lost.’’ takes 
1 “‘The Lady of Shalott’’ contain § he Jead in this respect. 
‘e than the usual number of adjec- 4 Bryant —Brvant is cener: 
es. It is to be noted, however, that sidered a ‘‘nature poet’’ and 
is number is swelled by repetitions and compared to Wordsworth in this 
rains as is the case with the word Gevyeral of his shorter poe! 


eary’’ in the former poem. lected for comparison, the ‘‘ Fountain 
he lack of adjectives in some of Ten- ‘The Rivulet’’ and ‘‘The Pr > for 
yson’s poems is accounted for by the the nature group. ‘‘The African Chi 
t that he frequently uses nouns in a and ‘The Damsel of Peru’’ for personal 
scriptive fashion, especially color- description. The dates of th r rodue- 
uns. All the extracts analyzed show tion are unknown to the writer. 
marked deficiency in sense adjectives The ‘‘Fountain’’ contains tl 
ther than those of sight. ‘‘The Lotus 


“Paradise Lost,” Book III, lines 22-29. thousand words, more than double t 
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proportion found in any of the other 6. Whittier —Extracts of 2, 
poems examined, either English or 2,900 words, respectively, from 
American. About one half of the modi- Bound’’ and from ‘‘The Pre; 
fiers in this poem belong to the artistic serve to illustrate the Quaker 
or sight group, an unusual ratio. ‘‘The powers of description. The sek 
Rivulet’’ and ‘‘The Prairie’ have a from ‘‘Snow-Bound’’ contains th 
large number of time modifiers, more ture of the farmhouse and its sur 
than one fourth being of this character ings after the storm. The proport 
in the former poem. Both these poems descriptive words is about the sar 
are rich in descriptive words, ‘‘The in Longfellow, but Whittier uses 
Rivulet’’ having the largest ratio of any abstract adjectives than the other 
selection analyzed. more than a third of the total num} 

‘The African Chief’’ and ‘‘The Dam- each poem being of this group. 
sel of Peru’’ are not remarkable as de- **Snow-Bound’’ is rich in the art 
scriptive selections. The former has adjectives, while in ‘‘The Prea 
many unpleasant abstract modifiers and those of location and motion pr 
the latter a large proportion of pleasant nate. Pleasant adjectives ar 
sounds and qualities. numerous than unpleasant in the f 

The five selections chosen contain no poem, but in the latter they are 
adjectives of smell and only two of balanced. 
taste. Comparing the averages for 1 

5. Longfellow.—A _ selection from poets just considered, we find the: 
**Evangeline’’ contains about 2,500 rank as follows in the percentage « 
words and was chosen to illustrate na- scriptive words: 
ture description, being a picture of the ar SAS ser cont 
bayous of Louisiana, while **‘ Lady Went- Milton 13.8 
worth’’ and ‘‘King Robert of Sicily’’ Whittier 11.9 *é 
supply the personal coloring. The per- Longfellow 11.5 ** 
centage of modifiers is about the same in Keats 10.9 ** 
all three poems and compares favorably wenngeen soll 
with those of the English poets. ‘‘ Evan- General average 19 6s 
geline’’ was the earlier poem, written 
about 1847, fifteen years earlier than the Bryant and Milton are in a clas 
other two. It is remarkable for adjec- themselves in this particular, while 1 
tives of size, location and motion, rather nyson is low, as before explained 
than those of color or value. Over one cause of his preference for color nou 
third of the whole number of modifiers 
belong to the ‘‘geometric’’ class. Pleas- 
ant sounds are noticeable, while pleasant In order to make a fair comparis 
and unpleasant emotions are equally rep- was found necessary to confine 
resented in the abstract modifiers. analysis to writers of fiction. 

In the last two selections, ‘‘King 7. Scott—‘Anne of Geirstein”’ 
Robert’’ and ‘‘Lady Wentworth,’’ the chosen for outdoor description 
‘‘sensory group’’ is almost negligible ‘‘Ivanhoe’’ for indoor. The first 
and the other three groups about nor- tract narrates the approach of Art! 
mal. Pleasant adjectives largely exceed and his father to Geirstein and descr 
the unpleasant in ‘‘Lady Wentworth,’’ the Alpine scenery. In the second 
but in ‘‘King Robert’’ about one fourth lection appears the description of At! 
of the whole number of modifiers are un-_ stane’s banquet hall and of his hous 
pleasant. hold. Both descriptions are weak 


Prose WRITERS 











lor adjectives and strong in those of 
rm, size and texture. Geirstein is 

‘ticularly rich in modifiers of location 
imotion. Probably this is due to the 

ture of the Alpine scenery portrayed. 

1, Geirstein the greater number of ab- 
¢ract modifiers are unpleasant, while in 
lranhoe the reverse is true. 

When we remember that the first se- 
tion is a description of wild mountain 
ery and of the difficulties and 

iangers of travel and that the second 

ssage portrays a feudal banquet hall 
the assembly of nobles and retainers 

r a feast, we can easily account for 
s difference. 

On the whole, the Geirstein is richer 
adjectives, but when we find only 
words of color out of a total number 
331 modifiers, in a description of 

itural scenery, we must conclude that 
writer is not affected by color as are 

most of us. 

8. Dickens.—For nature description a 

lection from ‘‘Old Curiosity Shop’’ is 

osen, and for indoor life an extract 
rom ‘*Pickwick Papers.’’ The first 
mtains a part of the travels of Little 
Nell and her grandfather, and the sec- 
nd tells of the Christmas party at 
Wardles’. The outdoor description, in 
the number and character of its adjec- 
tives, corresponds to that of 
Geirstein just noticed, and the observa- 
tions made concerning Scott’s descrip- 
A general weak- 
artistic modifiers 


y 


closely 


tion will apply here. 
ness in the sensory and 
and a strong predominance of those per- 
taining to size and location and to ab- 
tract qualities characterize both. 
Compare Keats or Bryant, 
t] irty-one eolor adjectives each, or Whit- 


using 


tier using twenty-six, with the five and 
nine respectively of Scott and Dickens. 
Pickwick naturally contains a large pro- 
portion of abstract modifiers—more than 
half of the whole number used. The 
pleasant adjectives outnumber the un- 
pleasant about two to one. Thirty ad- 
jectives of size and forty-three of time 
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emphasize the tendency of Dickens to 


contrast the big and little, the old and 






new. 

9. Tha 
tion of Killarney in 
Book’’ is used for one 
account of Charles Honeyman’s hermit- 
age in ‘‘The Newcomes’’ for the other. 
Thackeray redeems himself by using no 





Thackeray's descrip- 
the ** Trish Sketch 


example and his 


keray. 









less than sixteen color adjectives in the 
first selection. As is the with Dick- 
ens and Scott, the greater number of his 
pertain to texture, 
294 


sounds and 






Case 






descriptive words 
size, location and motion, 138 out of 
Pleasant 






in this category. 





pleasant emotions predominate. 





Six adjectives of smell are found—an 





unusual number. 

10. Irving.—A deseript 
ney from Seville to Granada 
‘**The Alhambra’’ has 
illustrate Irving’s 





ion ol 





lin the ope 






ing chapter of 
been to 
seription and 
‘*Christmas Eve at Hall’ 
has been selected for the indoor picture 


) 





chosen 







of natural scenery, 





Bracebridge 






| 


In both these the author shows his fond 
an objective 








ness for subjective rather th 





study, nearly one half of his adjectives 
Adjec 


Ti- 





being of an abstract character. 
color and value are almost « 






tives of 
tirely absent, while the geometric modi- 






fiers are numerous. 
In ‘‘The Alhambra’”’ 


jectives of the pleasant and unpleasant 





eighty-three ad 







emotions show the tendency of Irving to 





moralize. In both selections sensory ad- 
jectives are wanting, if we except a few 
In ‘‘Christmas 
Eve’’ seventy-three modifiers indicative 
of time as against forty-three in a 
ilar picture by Dickens, just quoted, 
Irving has his 






descriptions of sound. 






Slm- 






con- 


show that 


on his own ground. 


beaten 






temporary 
In geometrie words of size, number, ete 






Irving also has the lead by 50 per cent 
It is interesting to note 
selection is richer in modifier 
from ‘‘The Alhambra’’ 
years later. 


11. Hawthorne. 













Hawthorne’s ‘‘Mar- 
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ble Faun’’ and his ‘‘ Mosses from an Old 
Manse’’ were chosen for illustration. An 
extract was taken from the former de- 
scribing the Suburban Villa in Chapter 
VIII, to serve for outdoor description, 
while the description of the Old Manse 
itself for the indoor. The 
emotional adjectives predominate in both 


answers 


descriptions, particularly those of age 
and time. This is natural in view of the 
themes treated. There is little differ- 
ence between the selections as re- 
gards the classes of 
Both are relatively weak in artistic and 
sensory adjectives and strong in those of 
size, location and motion. In this re- 
spect they are much the same as the 
selections from Irving just noticed. 
There is much of sentiment in them all 
and a tendency to moralize on the past. 

12. Poe——The description of the 
‘*Domain of Arnheim’’ from the tale of 
that name was chosen to illustrate Poe’s 
power of outdoor delineation. His ac- 
count of Usher and his surroundings in 
the ‘‘ Fall of the House of Usher’’ shows 
the character of his indoor work. In 
Arnheim we find a wealth of adjectives 
that of any prose writer 
chosen and equaled only by Bryant 
among the poets. The larger number of 
these are in the first two groups, the 
artistic and the geometric. All these are 
well represented, while sensory adjec- 
tives are few in number and the abstract 
modifiers are only moderately repre- 
sented. But ten adjectives of an un- 
pleasant character out of a total of 281 
show that Poe could be cheerful when 
he wished. 

Usher has but few color adjectives and 
more of light and shade. It differs in 
a marked degree from Arnheim in that 
nearly half of the adjectives are in the 
emotional group and that the unpleasant 
ones are in the majority. Sixty-four ad- 
jectives of this last character stamp 
Usher as preeminently a sad tale. It is 
not, however, as rich in adjectives as a 
whole. 


two 


modifiers used. 


exceeding 
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Comparing the six prose s 
we have those of 
stand in the following order 


the percentage of adjectiv 


poetry, 


Poe 
Hawthorne 
Dickens 
Thackeray 
Scott 


Irving 
General average 


Poe is the leader in this 
ably was to have been ex 
Hawthorne a 
leads all 
and 


second 
+h 
the 


poets 1! 


ror rd 
more he author 
prose writers 


comparison of the averages 


PERCENTAGES OF ADJECTI 
1. Outdoor. 2. Ind 


Geometric, 
per cent. 
Sensory, 


a aoa 
4 Ss @ 
= n © 
= — & 
7. <é¢ 

4 _—" 


Miltoa 


‘é 


Tennyson 


ce 


Keats 


é 


Bryant 


sé 


Longfellow 


ee 


Whittier 


Seott 


ee 


Dickens 


sé 


Thackeray 


ee 
Irving 
se 


Hawthorne 


ee 


Poe 


‘ec 
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und poetry shows little differ- 
fact, the poets have slightly 
lvantage, their general aver: 
11.9 per cent. as against 
- the writers of prose. 
read his analysis 
to say, ‘‘ Well, what of 
me literary critics are inclined 


the use of adjective Ss with Sus- 


d to condemn those writers who 


liberal in this respect. This is 
r which we will have to leave to 
to decide. The 

the difference in th 

character of such modifiers 
some of the leading writers of 

and of poetry in England and in 

untry. It is apparent that the 
adjective used is often due to 
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THE AGE OF THE EARTH 


By Professor A. C. LANE 
TUFTS COLLEGE; CHAIRMAN OF THE SUBCOMMITTEE OF THE NATIONAL RESEARC!] 
ON ESTIMATION OF GEOLOGIC TIME 


Some time ago when I had the plea- 
sure of addressing the innumerable mul- 
titude of a radio audience I was re- 
warded by one of my hearers giving me 
a more correct location of a specimen to 
which I referred. I hope that this time 
one may write me as consultant in the 
national library in Washington and give 
me the author of this little poem which 
expresses in four lines the three main 
ways in which we measure time: 

And still the hands around the dial creep; 

And still the burning sands within the glass do 
fall; 

And still the water clock doth drip and weep; 

And that is all. 


The clock dial and the hour-glass 
which I used vainly to shake when I 
practiced the piano by it are familiar, 
but the water clock which measured time 
by the slow accumulation of water, drop 
by drop, is now obsolete. It was a 
method used from classical times well 
through the middle ages. It may repre- 
sent regular recurring paroxysms, while 
the first method represents the progres- 
sive, and the second the periodic methods 
of measuring time. 

It would take many. more than twelve 
minutes to describe the many more than 
twelve ways through which men have 
sought to gain an idea of the time it has 
taken to fashion the earth—by the wear- 
ing back of Niagara Falls, by the build- 
ing forward of dunes and deltas, by the 
accumulation of salt in the sea or of 
oxygen in the air. But they all may be 
compared to the progressive slipping 
away of the sands of time, as in an hour- 


glass, or to the periodic revo! 
the hands of the clock or of 
around the sun, or to the regular]; 
rent paroxysms of the wat: 
Many of the methods can not 
accurate results, for they assum 

all must, that from the present 
activity we can infer the past. But 1 
is one action which seems to go « 
uniformly and does not se 
affected by any temperature or p1 
likely to occur at the surfac: 
earth. It is that which depends o1 
explosion of atoms like radium. 

Many of you have wrist-wat 
which the figures are luminous. 
evening take a pocket lens and 
these figures. You will find tl 
luminosity is not a steady and q 
but that it quivers and is made 
shower of sparks like a bursting r 
Of course, this must be done in t! 
In the daytime the eyes will requir 
minutes to grow sensitive. In t 
ning after dark it will probably b 
minute or two. 

Each of the sparks you see repr 
the explosion of an atom, like the + 
sion of a kernel of corn in a corr 
ping machine. The result of that 
sion is in part a gas, the gas | 
which fills our dirigibles. This « 
sponds to the steam given off | 
pop-corn. 

The atom that explodes is of 
rare metal. What finally remains 
manent is a substance so much 
ordinary lead that it is one of the? 
difficult problems of physics and 
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separate it from ordinar; lead. 
+t we remember what Mark Twain 
rts of Adam at Niagara Falls that 
Eve brought him a toad to name, 
said, ‘‘It like a toad and it 
li a toad so we will eall it a 
We will eall it radio lead. 
metal best studied uranium, 
is used to make the yellow glasses 
In 






looks 









} 
1S 






from glare. 





protect our 
irse of the change from uranium 
other rare 


eves 






radio lead a number of 
ts are produced and eight atoms 


of 






are given off. One these 


y ) 
i «a 





ments is one of the most precious 


Therefore 





s in the world, radium. 
study has been given to this series 
Now if pop-corn 
we knew how fast the kernels 






in a 


nees 






popping we could tell from the 





ber that had popped how long the 
ine had been running. If 

mineral or salt that contains only 
it 1 per cent. of uranium a weight 





we take 






| + 
AL lt 


» that of paper from an eyelet 





2 mg) we should get an aver- 
of about two flashes every ten sec- 
ls (98,000 flashes per gram of 
Since there are about eight 


0.26 







nm 
nium 


shes for every atom of uranium that 





s, if we divide by eight and mul- 


3 1 .50D6.- 





by the thirty-one million 
6) seconds in a year we get the number 






atoms of lead produced each year— 
about a million (840.000 But even in 
the small quantity of uranium we have 
immed there are 6,650 million million 







ms, so that it takes between four and 
five thousand million for the 
um to be half changed to lead, and 
tween seventy and eighty million years 
r the amount of lead to reach 1 per 


»+ 





years 





nrar 








Moreover, with regard to the explod- 
ng it found that the more 
rapidly they explode the further are the 
these may 





atoms is 





rticles thrown, and that 
duce a discoloration or halo around 
the decaying mineral. These halos are 
often found in the rocks, and if the rate 
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of explosion had varied mu 


the size of the halos would too, w : 
the older halos are | ] I a 

than the recent ones I Sl I cal 
not have changed mu S ( 
times. Holmes estima t t 


tainty may be 
One of the sources of uranium and 


radium hi: 
earnotite, of Colorado. This was formed 


iS 


only in the last finished geological period 
and the proportion of lead to ur 
is less than one in a hundred. Thus 


less than seventy million years old. M 
erals which were formed at 
time the Appalachian M 

folded 


something like one 


nei 


have more lead in prop 


and are more 


old. A black e aly substance kn ! S 
kolm from the oldest rocks (the ¢ 
brian) that contain well-marked fossils 
has the purest radio lead known. T! 
proportion to the uranium is (.009) « 
to twenty, and it should be 440 m 
years old; and in still older rocks found 
before we have any well-marked signs « 
life we find minerals whose ratios are as 
high as one in ten or even one in fou 
indicating ages of 1,570 million years 
and perhaps older. 

This sounds very simple and the t 
ory is indeed quite simple. To find the 


rate at which uranium is changing to 
lead we have only to count the sparks 
You ean not do that with your wrist 
watch. They are too abundant. But by 
taking a small enough quantity the 
be counted. How many atoms ther 
in a gram of uranium is easily 1 
from well-known chemical facts, ar 
is then comparatively simple from thi 


proportion of radio lead to uranium to 
the mineral 


uld depe 


tell how many years ago 
formed. The 
that of the analyses and the count. 


However, there are 
in 


accuracy W' 


ertaln IS, as there 


always are every scientific resu 
Science only reaches a certain probable 
degree of accuracy. Une of the difficult 
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problems is to determine how much is 
really radio lead and how much may be 
lead produced from some other source. 
Another is 
since the mineral 
lead may have been leached out of it or 
added to it. Another 
whether the rate of change of uranium 


what the chances are that. 


formed, uranium or 
question is 


to radio lead has always been the same. 
Finally, where did it come from in the 
first place? These are questions which 
we can answer with a considerable de- 
gree of probability except perhaps the 
last one. Always, however, we find that 
around the enlarging area of our knowl- 
edge there is the even greater circumfer- 
ence of our ignorance. For every pro- 
gressive and evolutionary process starts 
with initial conditions for which it does 
not account. The sands of the hour-glass 
would cease running down except that 
from time to the 
turned over. 

We can, however, say that if uranium 
had been changing to lead at the rate it 
is now changing, and if this process had 
been going on for not merely two or 
three billions of years but tens of bil- 
lions of years, we should have more lead 
in the crust of the earth than we have 
at present. 

In this process of atoms flying apart 
heat is also given off. From uranium 
enough is generated every hour to heat 
its own weight one degree Centigrade. 
If the whole earth had as much of this 
going on as granites have, it would be 
heating up instead of cooling down and 
might be getting ready to explode. 
However, not only is it probable that 
these atoms are more concentrated near 
the surface of the earth (since we do 
not find them so much in meteorites) but 
it has been well suggested by Joly and 
Holmes that just as the steam of a tea- 
kettle would periodically lift up the lid, 
or as a geyser periodically discharges, 
even so any excess of heat generated gets 
enough to overcome the crust resistance 
every twenty or thirty million years and 


time hour-glass is 
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then produces a period 
mountain building and t!] 
alternate periods of rest 
Holmes counts eighte en of t 
deposit of the Swedish K 
years ago. 

It is a task for the og 
out these cycles and see j 
about the length 
indicated. 


(twenty 
There 
For 


horse I y 


years ) 
ways of so doing. 
tell the age of a 
down of 
the 
mountains, the Himalaya 


his teeth, so 
age of mountains. 

ies, are higher, and in 

tains like the Appalac!l 
around Lake Superior 

been beveled off until it 

that the valleys have been 
the hills laid low. Estimati 
eaused by the rivers we m 
how fast this action has be 

It has been estimated that 15,' 
been removed 


Rockies 


strata have 

region of the 
Canyon of the Colorado in t! 
of Holmes’s periods at a rat 

foot in 3,000 
make the length of 
forty-five to sixty million y 
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thickness of the beds deposited 1 
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and 


one years. T 


these ti 


be used to base an estimate. 
Moreover, as we can tel! t 
tree by its rings (note the 
section of the big tree in fr 
National Education 
ing on 16th Street, Washingt 
and by the thickness of the rings 
guish good years and poor j 


1 
ne 
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Assoclatl 


sun-spot cycles, and as by the 
its big trees the climatic ch 
fornia have been studied by E! 
Huntington clear back to the fam 
took place in the days of Elijah, 
in fossil trees and stalactites and 
deposits there is a variation 

character at different seasons of t 
The clays from melting glaciers ar 


anges 
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July there was a severe eal 


southern Italy which caused 
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n associated in the public mind, 
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States that while his 


is, therefore, 
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ul ) 
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9 lly rocked by the earth- 


was 
ind was saved from destruc 
the vari 
ogether, there was no volcanic 


ause is parts were 
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at the time of the earthquake. 
estruction caused by this earth- 


has a possible lesson for us even 
1 the conditions are quite differ 
uldings have thick walls of field 

kness being intended to keep out 
it. Timber is scarce and the roof 
rts are weak. There is, therefore, 
mbination of great weight and lack 
an ideal arrangement for 


earthquake dam- 
For 
rebuilt in exactly the same way, to 
Same manner in the next 
This is no longer the case 
Italian Government, 


many years destroyed houses 


LuOe 
juake, 
e present 
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operative arrangements in rebuilding, 


me much to improve the situation. 
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desired record and avoid destruction 
unless the building containing them is 
destroyed. Effort is being made to 
secure the most complete record possible 
at the lowest cost. The seismologist ex- 
pects that in addition to furnishing what 
the engineer desires he can find how 
earthquakes are propagated from the 
central region outward. 

Even with instruments in operation 
it is going to be hard to interpret the 
records. All evidence, such as the way 
cemetery monuments fall or twist on 
their bases, is that the earthquake activ- 
ity is complex. Persons are sure that 
they have seen waves roll across alluvial 
ground like the ground swell of the ocean 
and at a moderate speed, but there is no 
instrumental record of such waves and 
there is no theory to fit them. 

It therefore seems that any attempt to 
use the records of strong motion instru- 
ments directly will fail. The problem 
must be approached indirectly. There 
are now being obtained in southern Cali- 
fornia, a region of numerous small earth- 
quakes, complete records by sensitive in- 
struments of all that occur. The records 
give the time required for the earthquake 
waves to travel to the instrument, yet 
it is difficult to loeate the earthquakes 
with the desired accuracy. The reason 
is best explained by reference to so- 
called seismic prospecting. Somewhere 
in Texas, for example, a great blast is 
fired and the waves passing through the 
earth are recorded by seismographs. 
The different geological formations affect 
the path and behavior of the waves, and 
these effects make it possible to trace the 
formations. 

The fact that surface layers affect the 
earthquake waves is an advantage in 
finding oil, but a detriment to earth- 
quake study. Many observations are 
being made, and the results should be 
useful in the case of severe earthquakes. 

The records of a distant station show 
that much of the complex activity of the 
central region has disappeared with dis- 


tance from center, and that ey 
there be several centers of the 
the greatest outburst sends , 
distance. The simplification 
tant record gives another possi 
attack, that is, to close in on 
quake from the outside, so to 
extract from records taken at a 
distance information that is 
concealed in them. This field 
immediately available in th 
many stations. 

In addition to the earth 
there is good evidence from 
in Japan that the earth tilts 
tral region of an earthquak« 
entire period from one eart! 
the next, first in one directi 
in the other, and the claim is « 
that sudden changes in the tilt 
fore an earthquake make it 
predict the occurrence som: 
advance. <A device known 
meter has been designed a: 
operation, and interesting res 
already been obtained. Since J 
very much more active 
region, its tilts are probably 
anything that would be fou 
United States. However, it 
portant to study by this met! 
where earthquakes have occurr 
past. An instrument of differ 
from the Japanese is in the pr 
development, but in the meant 
John R. Freeman, a promi 
engineer, has made it possible 
this study at Stanford Univer 
bringing a tiltmeter from Ja} 
lending it to the institution 
study. 

Since earthquakes of great sever 
rare in this country and since we 
know where they may occur, 
appear that we might install instr 
and then wait years for records. 
can be avoided by making the 
ments sensitive to a moderately str 
shock, of which there is a sufficient 1 
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For hundreds of years there has been 





ise before the court of public opinion. 
s the ease of Insects vs. The People. 
the nature of things, the 
had nothing to say about it, 
rtunately they have had very few 
advocates on their 






insects 





and 





active 


sses or 







One of the charges against insects is 
they destroy or appropriate to their 

n use about 20 per cent. of our fruit 
In this connection I beg to pre- 

sent to the court the following hypo- 





thetical question. 
Suppose we had never had 
apples, pears, plums, peaches, oranges, 





any 
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The 


are being carried on by a large number 


activities 


of organizations, among 
cluded the Carnegik 
ington, the universities of California, 
Massachusetts Institute of Technology, 


the U. S. Bureau of Standards and th 


Jesuit Seismological Association. Tl 

part which the Coast and Geodetic Sur 
vey, the branch of the government 
charged with seismological invest n 
is being asked to play is t inst tio} 


and operation or the additional inst 


ments and the physical inter] 


the results—work that t | gov 
ernment is specially qualified to un 
take. The interpretation of the results 
in terms of principles of structural d 
sign 1s for other organizations 

The present state of civilization is 
measure of the success with wl man 
has dealt with his environme1 nd 


it to his needs. There have been many 
recent evidences that he has not ¢ 
succeeded. One of the efforts of th 
future should be to cut the loss 
its 


nature exerts 


yond the control of 


OF INSECTS 


strawberries or anyt y — 
Suppose, however, that a roup 

strangers brought us delicious samples 
of a great variety of such fruits and 
told us that they, the strangers, ‘ d 
make it possible for us to grow all thes« 
things. Suppose that, in returr r this 


possibility which only they ¢ 
they asked that a 20 per cent. commis 
sion be paid to their rela Does th 
eourt think that this would be an unfair 
proposition? I am sure that we 
be glad to accept the bargain and then, 
hard to beat 


ir 20 per cent. 


would 


later, we would try very 
the relatives out of th: 


Although I] 


have stated this in mors 
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figurative language than science is apt 
to use, it expresses rather exactly the 
relation between insects and our fruit 
crop. There is no disputing that cer- 
tain insects do immense damage, in the 
aggregate, to our orchards, but it is not 
fair to forget that we would not have 
any of those orchards if it had not been 
for other insects that carried pollen 
from flower to flower, enabling the 
plants to set the seed in connection with 
which the fruits develop. 

This process of carrying pollen from 
one flower to another is called cross- 
pollination in contrast to self-pollina- 
tion, the process by which certain flow- 
ers fertilize their seed with their own 
pollen. Whatever may be the possibili- 
ties of self-pollination either as a regu- 
lar practice of some plants or as a last 
resort with others, cross-pollination is 
exceedingly important in the biology of 
the higher plants. Plants with ineon- 
spicuous flowers, such as the grasses, 
and trees like maples and oaks secure 
eross-pollination by the inefficient, 
wasteful method of producing vast 
quantities of pollen and allowing the 
wind to blow it over the landscape on 
the chance that here and there a grain 
will fall on another flower. Plants such 
as our fruit trees and berry bushes have 
flowers which are attractive to hundreds 
of kinds of native bees, to flies, to butter- 
flies and to other insects. These insects, 
flying directly from flower to flower, 
accidentally so far as they are con- 
cerned, carry pollen on their bodies and 
bring about the cross-pollination which 
makes possible future generations of the 
plants visited. 

If we were asked what fabrics we owe 
to insects most of us would quickly men- 
tion silk, but we would be likely to stop 
there. In the court of public opinion 
we have heard much about the cotton 
boll weevil, the pink boll worm and per- 
haps half a dozen other insects which 
injure cotton plants, but mention is 
rarely made of the scores of different 
kinds of insects busily flying from cot- 


ton flower to cotton flow 
pollen that enables the 


seed from which we get } 


our most important fab: 
ally astounding lot of by 
from eotton-seed. 

Linen in all its vari 
from flax, the fibers of in 
plants. But the fabric 
the most interesting 
plexity of biological r 
fundamental importance 
insects is wool. 

Sheep may be raised 
grasses, such as timothy, 
pollinated, but no _ pra 
grower would try to do it 
clovers of some sort, and 
clover, including alfalfa, 
pollinated. The sheep 
Zealand imported red-cl 
prove their pastures. T! 
crew, but the New Zealand 
could not get any seed from | 
plants for the next year’s 
New Zealand did not have 
insects to pollinate red clover 
bees were introduced from 
These insects became establis 
Zealand and are now year 
pollinating clover, making p 
tinuous and rich grazing for 
Zealand sheep. Just as we 
the water till the well runs 
in America have most tl 
taken our clover for granted 
overlooked our debt to the nat 
which have made it possible. 

Of course what is true of v 
of the mutton which it cov 
the same thing is true of ecattl 
we eat, the milk, the butter, t! 
and even the leather on which 

I am certain that any one w! 
already done so—and that m: 
tically every one—will be sur; 
the long and important list he 
up of things which we owe to t 


y+ 


linating insects. Every impo! 


table in your garden, except corn 
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THE BEGINNING OF A SNOWFLAKE 
Figs. la, 1d. ‘OUR STAGES IN THE GROWTH OF A COLLECTION OF ARTIF! 
RULINGS ARE ().( INCH “ART. FiGs. 2a, 2b THE SIMPLEST POSSIBLE SN 
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ABOUT 250 TIMES. FiGs. 4, 5. INDICATIONS THAT TWINNING PLAYS AN IMPORTA 
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which the meteorologists’ have advanced 
to explain the optical atmospheric phe 
nomena seen in high latitudes, known as 
halos, sun-dogs, and the like. One of the 


fs) 
i 


commonest of these is the halo of 22 
which may be seen surrounding the sun 
or moon when the sky is slightly overcast 
by a snow-cloud The effect has been 
attributed to the presence of 60° prisms 
, floating 


of ice, of such a size as to be 
downward imperceptibly and of such a 
shape as to admit of a completely ran 
dom orientation of the faces forming 
the refracting angle. The minimum 
deviation of light refracted by such a 
prism of ice is 22°, and it is in this diree 
tion that the refraeted light is most In 
tense. Evidently the crystals of Figs. 
~ and 3 meet the requirements, since the 
proportions of these crystals are such as 
to permit them to fall equally readily in 
any position, and since light entering 
one of the six lateral faces, passing 
within the erystal parallel to the next 
face, and emerging on the third face, 
would be in effect passing through a 60 
prism at minimum deviation. The same 
tvpe of erystal is competent to account 
for the halo of 46°, which requires a 
refracting angle of 90°, the light enter 
ing on a basal plane and emerging on one 
of the lateral faces, or vice versa The 
sun-dogs or mock suns of 22” are pale 
dises of light which are sometimes seen 
on either side of the sun and level with 
it. The aecepted explanation is similar 
to that for the corresponding halo, ex 
cept that all the 60° prisms must be fall 
ing with their refracting edges vertical 
To account for this uniform orientation, 
it was assumed that the crystals were 
T-shaped, since it was known that the 
addition of a tabular cap to a prism 
would tend to make it fall vertically 
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THE PRESENTATION OF 


I) Ro A. MI KAN TO PROFESSO 


anemia had recovered as a result of the 
liver diet Since then, Dr. Minot and 
his Hssoclates have succeeded in sepa 


rating an effective extract of liver that 


may be taken in powdered form Dr. 
Whipple and his assistants have done 
the same thine, so tar as the chemieal 
extract that cures secondary anemia is 
concerned Thus. it has been possible 


to concentrate and purify extracts that 
three cent. of the 


weight 


represent only per 


entire liver and vet contain 


the 
liver 


eighty per erent ot potency ot the 


This SO called 


been in successful use in many hospitals 


liver fraction has 


for more than a vear. 


Kor a number of vears Dr 
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OERSTED CONSIDERED AS A NEW IN TERNATIONAL MAGNETIC 
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‘al literature, some suspended magnetic 

ters using the gauss for the unit ol needle of a mari 
HT, others for the unit of B, and sti needle was deflecte 
others for bot! The matter was further north-south position 
complicated by the fact that the quan deflected as lone as 
tity #Z has been used in two different in the wire, or as lone 
senses; namely, l the magnetizing remained in the need| 
force due to the exeitine current-turns remarkable experiment 
linked with a maenetie cireuit, and (2 number of different 
the intensity of the magnetic field pro by Oersted in a eireu 
duced by the exciting current when the in Latin, at that tims 
magnetic cireuit Is a vacuum or contains language in considerable 


no maenetiec material Differences of ilressed to a number of 


opin mn and ot usave became SO hummer learned Soc leTLes t] rouge 


ous and wide-spread that the matter bearing the dat ; 

was referred to the meeting of the In Ever since 1820, elect 
ternational Electrotechnical Commission netism have been 

1. E.C.) in Seandinavia last summer solubly connected 
June—July, 1930). At that meeting shortly afterwards, throug! 
the | EK. C. deeided that. for electro of other seientists. to further 
technical purposes, magnetizing force 17 in’ electromagnetism whiel 
should be revarded as essentially differ found, affected the conduet 
ent from field intensity B, or flux den life 
sity B. To the latter the unit name of The accompanying illustr 
gauss should be restricted; while the a photograph of a= statur 
name oersted was adopted for the unit which has been erected 
of magnetizing force H, by way of dis of this distinguished Danis! 
tinetion in a park at Copenhaget 

Hans Christian Oecersted (in Latin, O€crsted Park It represents 
Johannis Christianus Orsted was, in-  coverer standing beside a pedest 
1820, professor of physies in the Univer- ing a freely supported magnet 
sity of Copenhagen, Denmark. In the which he is showing to be deft 
spring of that vear, he made laboratory the influence of a current-carr 
experiments in search of some connee of wire leadine to a voltaic batt 
tion between magnetism and electricity. his feet The front inseript 
Up to that date, those two sciences were ‘*Hans Christian Oersted”’ 
revarded as uneonnected and indepen scription at the back, as translat 
dent The science of electricity was’ the Danish, reads ** Born 14t! 
well recognized, and also the science of 1777, Died 9th Mareh, 1851 
magnetism—essentially pertaining to occasion of its visit to Copenhag 
permanent magnets; but there was no 27, 1930, the visiting I. E. ¢ 
such science as electromagnetism. He and deleeates formally placed 
discovered that when a wire, carrying a ably inscribed commemoration wt 
steady electric current, was brought front of this statue 
into the neighborhood of a horizontally Artuur E. Ken? 
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THE LAST 


On Martha’s Vineyard Island off the 
southeastern coast of Massachusetts is 
the home of the lone survivor of the 
heath hen. The death of this individual 
will also mean the death of its race, and 
then another bird will have take its 
place among the endless array of extinet 
forms. The numbers of heath hen hav 
been closely followed by ornithologists 
and since 1908 a detailed census has 
been taken of the birds each year. For 
the first time in the history of ornithol 
ogy a species has been studied and pho 
tographed in its normal environment 
down to the very last individual 

In early colonial times the heath hen 
was very abundant in favorable places 
from Maine to the Carolinas. The bird’s 
habit of congregating in open fields and 
the ease with which it was tricked and 
killed by the market gunners were con 
tributing factors to its rapid decline soon 
after the white man and his firearms 
came to America. By 1870 the heat 
hen was exterminated from the main 
land and from that time on has been 
restricted to its last stronghold on Mar 
tha’s Vineyard. It is remarkable that 
a bird subjected to all the vicissitudes of 
disease and enemies has survived in that 
limited area for over a half century 
The prolongation of the life of the bird 
on that island has been due to the inter 
est taken in it by the State of Massachu 
setts, conservation organizations, bird 
clubs and individuals who have done all 
in their power to save the bird. Thi 
State Department of Conservation has 


expended $70,000 and thousands more 


have been contributed by individuals in 
the unprecedented efforts to prevent the 
bird from being exterminated 

Many attempts were made in the past 
when the birds were abundant to trans 
plant them to other favorable places on 
the mainland and to other islands such 
as Lone Island, New York, one of their 
former strongholds Furthermore the 
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a Spite ot 
tion, the number 
effort on the 
‘continued to decrease 
27 spring census showed thir 
only two of which were 
autumn seven” birds winter. and after tf 
anal yv April, 1928. the flock 


to three males Durine the tional ‘‘booming 
The Stat: 


appeared 


LYS onlv two birds were seen 


re lance an observat 


ed the bird 


r Decemb r S but one was 
This bird was photographed ait 
blind, on April 2, 1929, at thi to make 
James Green, located on the 
ghway between Edgartown and the period of the 
st Tisbury. At that time it was thé Durine the 
n expectation that the bird would vears the heat 
t of existence before the end of open fields in 
year It was seen regularly followine dawn 


May 11, 1929, but after that date afternoon — preceding 
welrd and extras 


ppeared among the scrub oaks to through their 


seclusion, as was customary for courtship performances. This 
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erecte ad and 
‘rutinized its surroundings 

ne to make I at all was sat 

continuing 

presented a 

ut there all alone w 

panions save the crows thi 

share the food intended for 

hen. Though it soon started feeding 1 iew how mue 

was ever on the alert for possible dai Individual live 

ger. Its eyes were much keener than ment among the se) 

those of the observer inside the blind plains of Martha 


(on several OCCASIONS the bird eroue! ed would bye To put 1T 


in the grass, his colors blending so per it and have it « 


feetly with the surroundings that he museum shelf 
disappeared from view. A minute or Ilow long thi 
two later a hawk would swoop over the safely predict; its 
field, explaining the reason for this be but ornithologists 
havior. No doubt the alertness of this sportsmen th 
individual has been an important factor — satisfaction o 

in its preservation. The feeding in the could be done b: 
open was a_ businesslike performance and individuals ha 
and during the time of the census was from extinetion 


not interrupted by the booming and has assured | 


cackling characteristic of the courtship allowed to | 
performance, which in former years’ whether 
occupied the greater part ot the time ol 

the males during the visits to the open 


fields Not onee did the male inflate his 





